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The important propositions that a heat engine cannot perform work 


by the expansion and contraction of its volume without rejection of 


heat, and that the maximum efficiency of all heat engines is repre- 


sented by the proper fraction “het are either of them sufficient to 
1 
completely overthrow the thermodynamic fallacies mentioned at the 


beginning of this paper. We will not, however, thus summarily dis- 
pose of the special arguments advanced in support of the fallacies, but 
will give them the careful examination which the importance of the 
principles they attack, rather than their own inherent force, seems to 


demand. These special arguments are all contained in the paper of 


Prof. R. H. Thurston, and are as follows : 
I. That the influence which the nature of the working substance 
might have on the theoretical efficiency of an engine has been neg- 
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lected by accepted authorities in thermodynamics, having been passed 
over by them as unimportant. 

II. That the maximum efficiency of the ordinary type of steam 
engine depends upon the specifie heat of its working substance, and 


can be greater than T iT, 


1 

ILI. That air and gas engines have been designed and built, whore 
theoretical efficiency was unity, all unutilized heat being restored to the 
working substance by means of a mass of metal called a “ Regen- 
erator.” 

IV. That it is theoretically posrible to have a “New Type of Steam 
Engine” which will perform work without rejecting heat, by returning 
the working substance to the boiler in a peculiar manner.* 

Now what are the facts as regards the first of these statements? In 
the papers and treatises of Clausius, W. Thomson, Rankine and 
Hirn may be found a demonstration concerning the efficiency of engines 
in which the influence of the nature of the working substance has been 
taken into account. Rankine in particular has given special attention 
to this very matter by taking into consideration mixtures of the work- 
ing substance in which “the properties of the ingredients are constant, 
as in the aggregate of chemically distinct substances, or variable as in 
the aggregate of a liquid ‘and vapor.”+ The demonstration given by 
Clausius and W. Thomson of Carnot’s principle—that a reversible 
engine receiving and discharging heat only at its upper and lower 
limits of temperature respectively, is at least as efficient as any other 
engine having the same source and refrigerator—was intended te cover 
and does cover the three cases, in which the engines compared differ 
either as to reversibility, as to the working substance employed, or in 
both these respects. Prof. Thurston should therefore have discussed 
this simple and famous demonstration and show wherein it was faulty, 
if he wished to establish his proposition, that the maximum efficiency 
of an engine does depend upon the nature of the substance employed. 


*The “New Type of Steam Engine” was invented by Prof. R. H. Thurston 
in 1858—1859. We understand that Mr. Chas. E. Emery subsequently and inde. 
pendently re-invented this engine, and claimed that it was “ based on modern thermo- 
dynamic developments” !! 

+See Phil. Trans., 1854, vol. 144, p. 144. 

There is a very concise statement to the same effect in Rankine’s “Steam Engine,” 
p. 308. 

See also text-books on heat, by McCulloch, Cotterill and Balfour Stewart. 
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Instead of this we find the demonstration given by Clausius and 
Thomson completely ignored and an unsuccessful attempt made to show 
that reversihility is “the perfect test of the perfect engine.” 
II. That the maximum efficiency of the ordinary* type of steam engine 
depends upon the specific heat of its working substance, and can be 
T,—T, 


greater than 
Before stating and examining the reasons advanced in support of 


this proposition we will first call attention to the terms latent heat and 
real specific heat, and will then call attention to the difference of 
opinion concerning the variability of the latter which existed between 
Rankine and Clausius. It will then be readily seen that Prof. 
Thurston has chosen a disputed point as the basis of his reasonings, 
and that his mistaken idea as to what constitutes the total actual heat 

- of a body has first led him into confusion and error, and then to con- 
clusions concerning the efficiency of engines entirely at variance with 
those held by all accepted authority, including both Rankine and 
Clausius. 

It should be remembered throughout that Heat is a kind of actual 
or kinetic energy, consisting in the invisible motions of the particles of 
a body, and that Heat is not potential energy, for its ability to perform 
work depends only on the heat-motions of the particles, and not on 
their relative positions. Suppose now that one pound of a body 
receives heat under such conditions that its volume and temperature 
both increase ; then of the total heat received a part will continue to 
exist as heat by increasing the heat-motion already present within the 
body, whilst the remainder disappears as heat by performing the exter- 
nal and internal work necessary to effect the change of volume. The 
internal work consists in overcoming the molecular resistances to sepa- 
ration, or change of arrangement, of the particles, and is often very 
much greater than the external work, which has only to overcome the 
external pressures resisting the change of volume. For water, when 
it is being evaporated under constant pressure the ratio of the two is 
often very great, the internal work being at least 10 to 15 times as 
great as the exterior work (for the pressures ordinarily occurring in 


«ar 


- 


* According to Prof. Thurston there are at least two types of heat engines: those 
which reject heat and those which do not; the ordinary steam engine belonging to 
the first type. 
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engines). In some steam tables the interior work is given under the 
j heading “internal latent heat,” the exterior work being given under 
. “external latent heat.” The sum of these two quantities is usually 
q called the “latent heat of evaporation.” This objectionble term, 
“Jatent heat,”* has come down to us from a time when heat was sup- 
posed to be a substance and consequently indestructible, and although 
we now know that heat, as such, can be put out of existence by trans- 
formation into other forms of energy which do not affect the thermo- 


‘ 4 meter, still the term remains, and continues to lead many to believe 
ig that the heat which has disappeared in doing work still lurks concealed 
4 P somewhere in the working substance as heat ; this is less often the case 


when external work only is considered, for the equivalent of the disap- 
peared heat is then seen in visible external work ; but when the inter- 
nal work done in separating the molecules and changing their arrange- 
ment is under consideration the beginner is apt to think that this kind 
of work “don’t connt,” and that the heat which has been expended in 
accomplishing it still exists in the body as heat, instead of recognizing 
that in this case also it has disappeared by being transformed into 
another kind of energy—that of position—which does not affect the 
thermometer. 

We have thus far supposed that a change of volume accompanies the 
change of temperature when heat is furnished to a body, but will now 
suppose the body to be kept at constant volume during reception of 
heat. The external work will then become equal to zero, and the 
internal work will be diminished; consequently a greater propor- 
tion of the heat furnished will go to increase the actual sensible heat 
of the body. If the body is one of the more permanent and perfect 
gases, the interior work will become approximately equal to zero, and 
all the heat furnished may then be said to be employed in increasing 
the temperature or actual heat of the body. If, however. the body be 
either a solid, liquid, or saturated vapor, there is nothing in theory or 
experiment which would justify us in asserting that the interior work 
is equal to zero; for forces of cohesion may have to be overcome, and 


* Now that “latent heat” has become a part of the popular vocabulary, it will be 
difficult to get rid of it; no error can arise in its use, however, if understood as defined 
by-Maxwell: “ Latent heat is the quantity of heat which must be communicated to a 
body in a given state in order to convert it into another state without changing its 
temperature.” 
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changes of arrangement of the molecules and their components may 
take place, which require work and cause a portion of heat to disappear. 

If the body is of unit weight, and receives heat sufficient to raise its 
temperature one degree, the total amount of heat received is called its 
apparent specific heat ; if from this be subtracted all the heat which is 
expended in performing interior and exterior work, the remainder is 
called the real specific heat, because it alone measures the actual heat 
of the body. We will represent the apparent specific heat for the 
general case by Cand for constant volume by C,. The real specific 
heat we will represent by A. Experiment shows that for a given state 
of aggregation—solid, liquid or gaseous—C, is the minimum value of 
C, also that C, is greatest for the liquid and least for the gaseous state. 
Only for highly superheated vapors like air do experiments indicate 
that C, is nearly equal to A. 

The following proposition is due to Clausius and is a result of his 
mathematical investigations on the effective force of heat and on dis- 
gregation (a quantity representing the arrangement of the particles of 
a body). 

“The quantity of heat actually present in a body depends only upon 
its temperature, and not upon the arrangement of its constituent parti- 
cles.” In other words, the real specific heat of a body is the same for 
all temperatures, -and for all states of aggregation—solid, liquid or 
gaseous, and we may therefore write 
H=KT=C,T 
H,— Hy, (5) 

H, T, 
where H is the quantity of actual heat present in the body at the abso- 
lute temperature, 7’= 461° ~- f F and C, the apparent specific heat 
under constant volume when the body is in the form of a vapor highly 
superheated. 

But Rankine had taken an opposite view of this matter, saying, 
“The real specific heat of each substance is constant at all densities as 
long as the substance retains the same condition—solid, liquid or 
gaseous; but a change of real specific heat, sometimes considerable, 
often accompanies the change between any two of these conditions.” 


and 


Clausius showed that the reasons given by Rankine in support of 


this view were decidedly insufficient, whereupon Rankine replies: “ I 
admit that it is difficult to conceive how the same substance can alter 
its real specific heat in changing its state of aggregation. But it is 
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also difficult to conceive how the elevation of temperature of liquid 
| water, for example, can be accompanied by internal work to an amount 


q q sufficient to account for the excess of the specific heat of liquid water 
4. q at constant volume above that of steam and above that of ice, those 
Wi three quantities being nearly as follows : 
a Specific heat at constant volume of ice, about 0°50 
q liquid water, 1-00 

a steam, 0°37.” 


Rankine, after suggesting that both difficulties are diminished if not 
removed by supposing the composition of the molecule to change with 
the state of aggregation (an atom of ice or steam, for example, being 
composed of two atoms of liquid water), continues thus ; 

“T do not, however, propose that supposition as more than a conjec- 
ture; and for the present I am content to regard as certain merely the 
fact that the minimum specific heat of the same substance in different 
states of aggregation is in many cases different, leaving the relation 
between that minimum specific heat and the real specific heat to be 
ascertained by further investigation.”* 

Were we to follow Rankine, we would write 


H, = K, T, H, = K, 
‘ k,T, (6) 


1 

where H,, H, and K,, A, represent the total actual heat and the 
average real specific heat corresponding to the physical states of the 
body when at the absolute temperatures 7’,, 7, respectively. 

At this point it must not be forgotten that the efficiency of engines, 
represented by 

does not at all depend upon the correctness of either of the foregoing 
views, having been established by means of the two principles: “ Heat 
and work are mechanically equivalent,” and “ Heat cannot, of itself, 
pass from a colder to a warmer body.” 

We will now give, and as often as brevity will allow in the Profes- 
sors’s own words, the reasonings which lead to the conclusion that the 


*See Phil. Mag., vol. 30, 1865, p. 410; also “Steam Engine,” p. 307. 
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efficiency of a steam engine should be greater than 


“Tn any fluid, no change occurring in its capacity for heat with 
change of temperature, the quantity of heat present in the mass is 
proportional to its absolute temperature.” 

For perfect gases, therefore, 


H,: : T, and = 


1 
“ The same is true approximately, if not absolutely, of superheated 
and of dry steam,” * * * * and of water unmixed with vapor; for 
H,—H, > T,—T, 
But when steam expands and condenses it changes its physical state 
and the specific heat of the mixture then varies as ihe proportions of 


these, therefore, 


the liquid and vapor which it contains vary. 

“ But this mixture of liquids and vapor contains, usually, rostly less 
heat than an equal weight of steam at the same temperature.” 

Therefore, for steam 

H,— H, ~ 

“ Hence, the steam engine should be more economical than the air 
or gas engine working between the same limits of temperature. That 
it is not, can only be due to the cause of loss already adverted to as 
peculiar to the steam engine.” [The loss referred to is that due to the 
condensation and re-evaporation which takes place in the steam 
cylinder. 

This demonstration evidently contains the two following assumptions: 

(1.) That the real specific heat of steam varies with its state of aggre- 
gation, and consequently its total actual heat is not always proportional 
to the absolute temperature. 


(2.) —H 
H 


*may represent the theoretical efficiency of an 
1 


T,— 
engine without being equal to —!— 
1 

We do not see how it is possible to escape the conclusion that the 


portion of the demonstration which we have italicized contains a third 


assumption : 
(3.) That the “latent heat of evaporation ” is identical with the actual 
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heat of the steam, in other words when water is changed into steam of 
the same temperature, the large amount of heat which disappears in 
doing the work of evaporation continues to exist as actual heat in the 
steam. 

In the mechanical theory of heat this last assumption is an absurdity, 
the next is without shadow of proof or authority, while the first directly 


contradicts the result H, — H, > which. the Professor 
1 1 

h: | : has managed to deduce from it. The first of the above assumptions it 

ae. will be noticed is identical with that already ascribed to Rankine and 

and expressed by 

} : ) If now we assume with Rankine that the real specific heat of steam 


and water are, at least, approximately equal to their specific heats under 


constant volume, 
C’, = 0°37 and C’’, = 1:00 


t and also let 47, represent the total actual heat in a pound of steam 
a when at the absolute temperature 7, and H, the total actual heat 
_ present in a mixture weighing one pound and containing 2 per cent. of 
ie ‘| steam and 1 — x per cent. of water, we shall have for the mean specific 
heat 

K, = + (1 — 2) C””, = 1 — 0632, 

_ 1—0682 » 

and for Eq. 6 — Ho = O37 

H, 

Pi When «0°50 i. e., when the mixture is half water and half steam, 
we have H, — Hy = ‘and since a sim- 
H, T, 

i. ike ilar result may be obtained from any other mixture of the water and 
steam we see that the first assumption made by Prof. Thurston directly 


contradicts the result which he has deduced from it. 

We have already seen that if we accept Clausius’, view of the inva- 
riability (in the same substance) of the real specific heat that we are 
led toa result likewise opposed to to that deduced by the Professor, 
but we must remember that the intelligible and interesting relation 
H, — H, — 1 — Ww 

Hf, T, J, 
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which we then obtain between the total actual heat and the efficiency 
cannot, by any means, be said to have the same validity as the relation 


or 


which depends only on laws deduced from experiment. 

We should also remember that the absolute temperatures * 7’,, 7, 
of our formula can be easily obtained with considerable accuracy from 
a standard thermometer while the total actual heat cannot be directly 
measured but must be obtained by calculation, involving hypotheses 
which though probable cannot yet be regarded as established experi- 


‘yr 


mentally, These reasons are sufficient for preferring —!———° as an 
1 


H,—H 


expression for the efficiency of an engine rather than —!—_—* and we 
accordingly find that Clausius, W. Thomson, Maxwell, Rankine, Hirn, 


and Zeuner have all avoided introducing the total actual heat into the 
expression for the efficiency of engines. 

Professor Thurston makes no attempt to calculate the efficiency of 
an engine from the total actual heat of the working substance, ‘he 
nowhere introduces the real specific heat into his calculations, although 
the neglect of this consideration has constituted (if we are to believe 
the Professor) “a serious and hitherto unsurmounted difficulty in the 
process of calculation of the exact efficiency of the steam engine.” We 
even find that the Professor so far forgets the points made at the begin- 
ning of his paper about the influence of a change of physical state on 
the efficiency of an engine, as to choose for the exponent of the adiabatic 
curve of saturated or wet steam a value (4) belonging to highly super- 
heated steam. This oceurs in an example in which the Professor works 
out “the true theoretical economy of a steam engine,” the method 
employed being the well-known one of dividing the heat utilized as 
work by the total heat expended, or 


JQ, 


the error consists in obtaintng too small a value for the rejected heat 


*See note at end of article. 
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(4% by means of an excessive exponent for the curve of expansion. 
In this example the engine is supposed to work under the following 
conditions : 

Initial absolute pressure of steam = 90 Ibs, 


Final “ “ “ “ = 9 “ 
Initial temperature of steam = 320°0° F. 


Temperature of feed water for boiler = 110-0° F. 
Total heat supplied per lb. of steam at 90 Ibs. = 1101-5 heat units. 
“ “ rejected “ “ 9g lbs. = 104295 “ 
“ “ “ & water = 16°3 
For the adiabatic curve of expansion of the saturated steam, i. ¢., for 
expansion without transmission of heat, Professor Thurston assumes 


p = const. 
taking the initial specific volume +r, = 4°72 cubic feet, and p, = 
144 x 90 Ibs. 
144 x 90 x 102,611. = const. 
and, therefore, 7, = ] 02,611 = 76°53 cubic feet, 
Po 
which is the volume of the one pound mixture of water and steam when 
‘the pressure p, at the end of expansion is 2 lbs. Since the volume of the 
mixture is practically that of the steam, we get for the weight of the 
latter 0-44 Ibs. Then 
Heat lost in rejected steam = 1°042  O-44 = 463 heat units. 
Total heat rejected Q, = 472 heat units. 
received Q,== 1102 “ “ 
utilized — = 630 heat units. 
The efficiency of the steam engine will then be 
Qo 630 = (0°57. 
0, 1102 
“ Had the working fluid been a permanent gas the efficiency would 

have been one-fourth,” i. ¢., 


— 

— 
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“The difference illustrates the superiority of the condensible vapor 
as a medium for the conversion of work.” 

Now it is easy to show that this calculation will not stand the simplest 
and most obvious test, for we have only to calculate the work (or heat 
utilized) from the indicator diagram of such an engine and we will find 
that it is vastly less than the equivalent of 630 heat units. 

The work done before cutting off is 

144 90 K 4°72 = 772 (79.2 heat units). 

The work of expansion when the curve is represented by pr ae 

Pi = constant, is 
k—1 


(2) k = 772 x (145-9 heat units). 
k—} Pr 


The work done in overcom'ng back pressure is 
Po = 144 & 2 & = 772  (28°5 heat units). 

Effective work — 772 « (79-2 4 145°9 — 28°5) = 772 (1966 heat 
units) or less than one-third of the result (630) obtained by Professor 
Thurston. 

These exceedingly discordant results are due to assuming an exponent 
4 which is much too large for the adiabatic expansion of steam initially 
dry, consequently neither of the answers obtained is correct because the 
erroneous exponent enters into each of the methods employed. Perfectly 
accordant results are of course not to be expected from empirical formule, 
but a very much closer approximation than that obtained may be reason- 
ably expected. The efficiency as determined from the indicator diagram 
by means of the erroneous exponent 4, will be 


= 0°25, 


so that the Professor’s data again lead to results directly contradicting 
those which he has deduced from them. 

Before calculating the work of the above engine by means of the 
correct exponent of for the adiabatic expansion of steam, we will give 
the table containing the values of these exponents for various initial and 


final pressures. This table was calculated by Zeuner by means of 


Regnault’s experiments, and a formula for the adiabatic curve of steam 
deduced from the fundamental equations of heat. It will be noticed 
that the values of the table agree very well with the mean value 1°135 
assumed by Zeuner for steam initially dry, Using this exponent 
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Values of exponent k when steam is dry saturated at beginning 


} of expansion : 
Initial Final pressure in atmospheres. 
pressure in 
atmospheres a 1 2 4 
8 1°1321 1°1360 11396 
1:1315 1°1354 11399 
7 2 11304 
1 1°1299 
L135 1.135 
we have p, = Po % = Constant, 
p _ rhs 
and rv, = ¢, (4) == 4°82 (45) = 138 cu. ft. 
Po 


weight of uncondensed steam = 138  0°0058 = 0°80 Ib., conse- 
quently heat rejected per pound of mixture equals 1042 « 0°8 +- 163 
x 0°2 = 837 heat units ; and since heat supplied per pound of steam 
== 1101 heat units, the heat utilized will be 1101 — 837 = 264 heat 
units, 

We will now check this result by calculating the utilized heat from 
the indicator diagram of the engine ; then, as before, the effective work 
will equal 

k—1 


| — Po“ 


or 62500 + 168600 — 39700 = 772 (248 heat units), 
T, 


and the efficiency = —— = 0.225 < —!__—* = 0°25. 
1101 T, 

The difference 264 — 248 = 16 is about ;$y of 248, which last 
value is nearly correct, for more exact formule give about 250 heat 
units. This is a fair approximation for an empirical formula and shows 
that 1°135 is not far from the proper mean exponent for the range of 
pressure occurring in this example; when the exponent is taken equal 
to 1°13, the two methods give the results 251 and 250 respectively, the 
result obtained from the indicator diagram varying least for a given 
change of exponent. 

It is difficult to understand why Prof. Thurston should have chosen 
the exponent that he has done in this discussion, although it is evident 
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that the use of a large exponent is necessary for the establishment of 
his proposition—that the efficiency of the ordinary type of engine can 
be greater than “Lat. He has chosen the highest adiabatic expo- 


1 
nent for steam that can be found, namely that for superheated steam, 


and assumes that it is also applicable to saturated steam. He jus- 
tifies this course by referring to what is obviously an oversight in 
Prof. McCulloch’s valuable text book, in which the erroneous state- 
ment occurs, that Zeuner has determined the value of the exponent of 
the abiabatie curve for saturated steam to be equal to k = 4, and that 
M. M. Cazin and Hirn have confirmed this result by experiment. That 
this statement is an oversight is evident from the facts, that it occurs 
under the head of superheated steam, that Zeuner has determined the 
exponent for the adiabatic curve of superheated steam to be equal to 
n =. 4, and that M. M. Cazin and Hirn’s observations were made on 
superheated steam and not on saturated steam.* The doubtful pro- 
priety of accepting the conclusion to be drawn from the error above 
noticed, Prof. Thurston himself seems to have recognized, for in a foot- 
note he says: “ This value of k [= 4] may have been here accepted 
on insufficient authority, however, as Zeuner in his treatise (French ed. 
p. 332) makes it 1°135, and Grashoff makes it 1-14. Zeuner also shows 
that the value of & is reduced by the addition of water to the steam.” 
The addendum with which Prof. Thurston ends his paper is also 
devoted to this exponent matter, and we find that he there misapplies 
the results of the valuable experiments of Mr. J. Hoadleyt for deter- 
mining the exponent of the compression curves of a quick-running 
portable engine, by assuming that these experiments answered the pur- 
pose of detesmining the exponent & of the adiabatic curve of expan- 
sion of dry saturated steam. The large exponent (nearly }) shown by 
these experiments was supposed by the Professor to indicate that 4 
would be the value of & if the cylinder were a perfect non-conductor. 
The correct inference from these experiments would have been that the 
adiabatic exponent for saturated steam must be less, and that for super- 


* See Mechanical Theory of Heat” p. 230 by Prof. R. 8. McCulloch. 

“ Theorie de la Chaleur” p. 445—Zeuner. 

Hirn and Cazin—Mémoire sur la détente de la vapeur d’eau surchaaufée. 
Ann. de Chim. et de Phys., 4 serie T 10, p. 349-370. 


+ The Curve of Compression of the Steam Engine, by J. C. Hoadley. Journa. 
OF THE FRANKLIN InstituTE, Jan., 1878. 
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heated steam greater than 1°2366 (the exact value obtained by Mr. 
Hoadley). This value is almost exactly the mean of the two expo- 
nents 1°135 and 1°133 deduced by Zeuner for saturated and superheated 
steam respectively; the coincidence is, however, an accidental one, for 
only an intermediate exponent, not necessarily an exact mean, is to be 
expected from the compression curve of a high speed engine, the steam 
being wet at the beginning and superheated at the end of the com- 
pression. 

In a chapter on the Philosophy of the Steam Engine, the latest 
thing he has written on the subject, Prof. Thurston still uses the exces- 
sive exponent 4, and again gives the foot note just quoted, accompa- 
nied, however, by the additional remark that Zeuner gives 4 for super- 
heated steam. This would seem to make it necessary either to prove 
Zeuner wrong or to abandon the use of 4 for the adiabatic curve of 
wet steam—but the Professor has done nothing of the kind. 


III. That air an gas engines have been built whose theoretical effi- 
ciency was equal to unity ; all unutilized heat being restored to the work- 
ing substance by means of a mass of metal called a “ Regenerator.” 


This evidently supposes that all the unutilized heat, i. ¢., all the 
heat abstracted from the gas, is taken up by the “ regenerator, but this 
is a mistake, only a part is thus stored even when the regenerator is 
perfect in its action, the remainder, that, namely, which is abstracted 
during compression at the lowest temperature, being permanently 
rejected by being discharged into the atmosphere by conduction,* or 
into a refrigerator specially prepared for the purpose. Dr. Barnard 
and Rankine were the first to point out that the efficiency of an engine 
with regenerator was not greater than that which received and dis- 
charged heat only at its upper and lower limits of température respec- 
tively, that the true office of the regenerator was to raise and lower 
the temperature of the working substance, and that it accomplished this 
result in a less bulky manner than was possible by the contraction and 
expansion of volume without transmission of heat. 


IV. It is theoretically possible to have a “new type of steam engine” 
which will perform work without rejecting heat by returning the working 
substance to the boiler in a peculiar manner. 


In this new type of engine, all heat not utilized by transformation 


* Loss of heat by conduction in this part of the process must not be prevented even 
in a perfect engine, for it is an absolute necessity if work is to be produced. 
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into work was to be returned to the boiler instead of being rejected 
and wasted during the exhaust, as in the ordinary type of engine ; 
nothing being lost as heat, the engine must be theoretically capable of 
utilizing the full mechanical equivalent of the heat energy supplied 
without any regard to its range of temperature. For achieving this 
result the new engine was to have two compressing pumps, in which, 
after expansion had taken place in the working cylinder, the water of 
condensation and the uncondensed vapor were to be separately returned 
to the boiler. The energy expended in returning being practically that 
of returning the uncondensed steam, it was assumed that the latter 
“would involve not only the return of the charge of heat contained 
in that steam, but also the return of all the energy which the vapor 
had yielded during its expansion, since an equivalent amount of heat 
would be generated by its compression to boiler pressure.” Now this 
last must mean that the wetness of the steam during expansion, and its 
dryness or superheated condition during compression, is here of no 
consequence whatever, the work of compressing the dry uncondensed 
steam to boiler pressure being always equal to the work performed by 
an equal weight of the saturated steam whilst expanding in the non- 
conducting cylinder. Were this correct, the Professor’s conclusion 
would follow, that “The ratio of the total work done in restoring 
unutilized heat, to the work done by the steam on the piston, would be 


Fig. 4. 
e d 
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in the ratio of the weight of uncondensed steam returned to the boiler, 
to that supplied to the working cylinder at each stroke.” A surplus of 
of energy would thus be left to be utilized for mechanical purposes. 
That the steam would be superheated during compression does not seem 
to have been entirely ignored by the Professor, but it was assumed to 
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be a condition that would be favorable instead of fatal to the efficiency 
of the “new type of steam engine.” This was. because undue influ- 
ence was ascribed to the comparatively slight increase of pressure that 
would occur if the water of condensation were present and were 
re-evaporated during compression, while the preponderating influence 
of the high temperatures of the superheated steam in increasing the 
resistance to compression was either neglected or entirely lost sight of. 

The indicator diagram of the new type of steam engine, as given by 
Prof. Thurston, is represented by abcea (Fig. 4), where 6 is the point. 
of cut off, bme the adiabatic curve of expansion, ¢ the point at which 
the water of condensation is separated from the uncondensed steam, 
cb the supposed adiabatic curve of the compression of uncondensed 
steam, and ehbce the area representing the surface of energy that may 
be used for mechanical purposes. 

We have already, in a general way, pointed out the fallacies involved 
in supposing that the work of returning the uncondensed steam to the 
boiler can be less than that done by the steam whilst entering the 
cylinder and expanding, but will now give a more detailed examina- 
tion to this matter, and will show that in the “new type of steam 
engine” the work expended must always be greater than the work 
produced. To do this it will only be necessary to show that the curve 
of compression of the uncondensed steam falls above the expansion 
curve bme, which latter may also be regarded as the curve of compres- 
sion of the mixture of water and steam which exists in the cylinder 
at the end of the expansion; for if the water of condensation be not 
removed, compression without transfer of heat will cause the curve 
cmb to be retraced, leaving the fluid in the condition of dry saturated 
steam at the point b. 

That the curve of the uncondensed steam lies above that belonging 
to the mixture of water and steam can be shown by employing the 
formule for the adiabatic, curves of saturated and superheated steam, 
respectively, p v* =p, v,* = py PV* = P, V = P, 

In the first of. these two expressions v, vr, and v, must be understood 
as representing the volume of a unit of weight of: the mixture of 
water and steam when at the pressure p, p, and p, respectively ; while 
in the second expression V, V, and V, represent the volume at the 
respective pressures P, P, and P, of that fraction of a unit weight 
which existed as dry uncondensed steam at the end of the expansion, 
or beginning of the compression. The various values of k when the 
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steam is dry saturated at the beginning of expansion have already 
been given in the foregoing table, and were there seen to differ but 
slightly from Zeuner’s mean value, 1:135. Zeuner has also called 
attention to ‘the fact that Rankine’s value for t = 4° is only appli- 
cable-when the steam at the beginning of expansion contains about 
25 per cent. of water, and that when the steam contains 68 per cent. 
of water at the beginning of expansion, its curve will become approx- 
imately that of an equilateral hyperbola, for the exponent of & will 
then equal unity. The exponent x of the second formula has been 
assumed by Zeuner to be equal to 4, which is nearly correct, even within 
finite and practical limits, for the experiments of Hirn* give values of 
vn which vary from 1:29 to 1°31 and increase with the degree of super- 
heating. There is, moreover, reason to believe that 4 is the limiting 
value of the adiabatic exponent of every superheated vapor where 
molecules are composed of three atoms.t 

If we apply these two formulz to the “ New Type of Steam Engine” 
and neglect, as before, the volume of the water of condensation, we get 

1 1 


Po Po 


In order to determine which of the two curves lies above the other, 
we have only to compare their volumes when they have the same pres- 
sure, for the greater volume will belong to the higher curve, as in Fig. 
4, when of the two volumes pm and pn, the greater pn belongs to the 
higher curve end. If, therefore, we assume P = p we shall have 


Po Po 
1 
, Po (8) 
ad = 1 


v 
(“) n 
Po 
from which follows that V will be greater than v, when the numera- 


* Hirn and Bazin, Mémoire sur la détente de la vapeur d’ean surchanffe¢.— Ann. 
de chim, et de phys., 4 Serie, vol. 10, pp. 349—370. 

See, also, Rithlmann, “Handbuch der Mechanischen Wirme Theorie,” p. 710. 

+See Wiillner, “ Experimental Physik,” p. 530. 
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tor of the second member of equation 8 is greater than the denominator, 
i. e., when the exponent & is /ess than the exponent n. 

Since all the experimental evidence bearing on the matter goes to 
show that 


k<n<4 


we must conclude that the curve of compression of the uncondensed 
steom lies above the curve of expansion bme and that consequently the 
work of returning the uncondensed steam to the boiler must be greater 
than the work which the steam can perform whilst entering the eylin- 
der and expanding ; in other words, the “ New Type of Steam Engine” 
is worse than worthless, for it will not drive, it must be driven, it is 
not a motor but a heat generator, and instead of having an efficiency 
equal to unity it has an efficiency which is represented by a minus 
quantity. 

That the performance of this engine does not improve (as Prof. 
Thuston seems to think) with greater range of pressure, is shown by the 
following table which gives the ratio of the work expended to the 
work produced ; 


In the “ New Type of Steam Engine” Suk pees 


work produced 


Exponents of 


Ratio of final to initial pressure. 
adiabatic curve for 


saturated superheat- 


1 
steam steam. 3 8 $2 
1°135 1°300 1.017 1°093 1194 
1°13 | 1°133 1°020 1°109 1°230 1°381 
100 =| 1-038 1-210 1:459 
The values of this table were obtained as follows : 
L. = work produced = area (oabr, ber) = p, 
k—1 
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LL, = work expended = area (oad V, + V, dew) = p, V, + 
n—1 
n—1 Pr 
If now we divide the last equation by the first and reduce by means 


of equation 8, making Po — yr, we shall have 


4 
L, _ (k—I1)(nr*—r) 
L, 


(n — 1) (kr*—r) 


n 


L 
and when k=1, we have —?__ : 
“1 r(n—1)(1 + hyp. log. —) 
This closes our examination of the errors enumerated at the beginning 
of this dicussion ; it has shown us that the special arguments advanced 
in support of the thermodynamic fallacies are worthless, that they con- 
tain nothing which can throw doubt on the demonstration that - —f, 
is the expression for the maximum efficiency of all possible heat engines. 


Nore.—The scale of absolute temperature is due to W. Thomson, who 
has given two equivalent definitions of it, of which the first is : 
“The seale of absolute temperature is the reciprocal of Carnot’s 
Function.” 
Expressed analytically, this is: 
1 


sen 


where J is Joule’s equivalent, (5), is the rate at which the heat 
av 


(furnished to or abstracted from the body) varies with the volume when 


l 
the temperature remains constant and (52), the rate at which the 


pressure varies with the temperature when the volume is constant. 
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The second member of this equation can be obtained from the prop- 
erties of any body, and is remarkable in varying only with the tem- 
perature, having the same value for all substances that have the same 
temperature and is therefore to be regarded as a function of the tem- 
perature only. At first it was feared that this function might be 
<lifficult to express in terms of the readings of the ordinary standards, 
but experiment showed that the numerical values of this function did 
not differ essentially from the readings of a standard air thermometer 
whose freezing and boiling points were respectively marked 273°7° and 
373°7°. The reciprocal of Carnot’s Function was therefore seized upon 
by Thomson as a suitable means of expressing temperature absolutely, 
i. e, independently of the properties of any particular substance. This 
function, it should be remembered, was deduced from the cyele of Carnot’s 
engine when working with an infinitely small range of temperature ; 
from this follows that the above definition of absolute temperature is 
equivalent to the following, also given by Thomson : 

“ The absolute values of two temperatures are to one another in the pro- 
portion of the heat taken in to the heat rejected in a perfect thermodynamic 
engine, working with a source and refrigerator at the higher and lower 
temperatures respectively. 

Analytically expressed, this is : 


trom which we can get 

7, 

and from this follows that equal differences of absolute temperature 

represent equal quantities of work performed in a perfect thermo- 

dlynamic engine. 


Imitation Ebony.—Oak may be dyed so as to resemble ebony by 
soaking it for forty-eight hours in a hot saturated solution of alum and 
then painting it with a decoction of one part Campeachy wood in 
eleven parts water. This decoction should be first filtered and slowly 
boiled down to one-half its volume, when ten to fifteen drops of neutral 
indigo tincture should be added to every quart. After the application 
of this solution the wood should be rubbed with a saturated solution of 
verdigris in acetic acid, The operation is to be repeated till the desired 
tint is obtained.—-Der Techniker. C. 
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REPORT OF THE COMMITTEE ON SCIENCE AND THE 
ARTS ON AINSWORTH’S AUTOMATIC SAFETY- 
SWITCH FOR RAILROADS. 

or THE FRANKLIN | 

PHILADELPHIA, Noy, 29th, 1878. 
The Committee on Seience and the Arts, constituted by the Franklin 
Institute of the State of Pennsylvania, to whom was referred for 
xamination Ainsworth’s Automatic Safety-switch for Railroads, report 
that they have carefully examined the switch itself and the inventor's 
plans, specifications and model, and find that this switch belongs, gen- 
erally speaking, to the same class as the Lorenz or English switch, but 
differs from all other switches known to your committee in several 
important respects. The invention may be divided, for the purposes of 
this report, into two separate parts: the switch proper and the switch 


stand, or mechanism for moving the switch. Referring to the accom-_, 


panying cut (No. 1), it will be seen that in this switch the outer rail 
of the main line, A A (the rail farthest from the siding), is unbroken 
or continuous; while the inner rail of the main line, A*B', is bent 
slightly at ¢, resumes its former course at d', and continues to d*, the 
amount of the deflection, d d', being equal to the width of the head of 
the rail. At d the rail bends again, and from thence continues in a 
long curve, forming the inner rail of the siding. These rails (A A' 
and A? B') are fixed and continuous; but between them are two 
pointed rails (CB and A* E'), joined rigidly together by proper rods, 
» that when one point is against the nearest rail the other point will 
cand off from its rail a distance of four (4’’) inches. These moveable 
ails or points are so placed that /' is considerably in advance of (C, 
nd both are shaped to fit against the fixed rails at one extremity, and 
we secured at their other ends by fish plates, so that a movement of 
these rails in one direction or the other will cause an approaching train 
to continue on the main line or be shunted into the siding. 

In addition to the principal parts already enumerated, there is also 
furnished a guard rail, C' D. It will be seen that the switch rail, 
E', has its point advanced such a distance before the point of the other 
switch rail (Cc), that it will catch the flange of an approaching wheel 
and determine its direction before the other wheel on the same axle has 
reached the other point ; and, moreover, as this projecting rail is com- 
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paratively blunt, and has its base but little diminished in breadth, it 
presents a good bearing for trains passing on the main line, and as its 
inside edge coincides with the inside edge of the main line, and its 
height is the same, trains pass the switch without jar. When the switch 
is set for the siding, the advanced point of EE" catches the flange of 
the approaching wheel, and, acting as a guard rail, forces it into the 
siding, but, at the same time, prevents the opposite wheel from striking 
the other point, and thus relieves that point of all work at its extreme 
end ; while, in the case of trains leaving the siding, the guard rail, 
C'' D, catches the flange, and, guiding the wheels, prevents the flange 
from striking the offset, dd', in the rail, A? B', which might other- 
wise suffer from the work that would be put upon it. The rail EE’ 

is rolled }’’ less in height than the other rails of the switch, and its flange 

is curved by the smith to fit on the upper surface of the flange or base 

of the fixed rail A? B', so that, without diminishing materially the 

width of the base of EF E' the two rails are brought together, and the 

base of EE", riding up on that of” A? B', distributes the weight of the 

train partly over the base of the fixed rail (A? B') and partly over the 
iron plates upon which the moving rail # £' slides. In order that the 
point E' H may retain its position with reference to the offset in A? B', 
regardless of changes of temperature, these two rails are bolted at one 
end to the same iron casting (a), and are thus compelled to expand and 

contract together. 

The switch-stand (shown in cut No. 2) contains a cranked shaft 
operated by a weighted lever and joined by a suitable connecting rod 
with the moveable switch points. A movement, therefore, of the 
weighted lever through a semicircular arc serves to open or shut the 
switch, and the connecting rod contains an adjustable spring which will 
permit a train leaving the siding to spring the rails over sufficiently to 
pass, and yet has tension enough to draw the points back into position 
to leave the main line clear. In these respects it is similar to the 
Lorenz switch-stand ; but, furthermore, it is so arranged that when it is 
set for the siding, and a train passes on the main line in the direction 
towards which the points open, the wheels will not simply force the 
switch shut by compressing the spring, but will cause a friction roller 
on the extremity of the switch or connecting rod to move up an inclined 
plane, bringing a second friction roller under the crank, and thus lift- 
ing it over the centre. The counterweight on the lever, by its weight 
and momentum, completes the movement with some force, and thus, by 
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4 positive motion, the first pair of wheels of a train on the main line 
moving in the proper direction of travel, closes the switch, that is, 
sets it for the main line. 

This switch has also another essential peculiarity. In other similar 
stands the elasticity of the connections remains constant, and is suffi- 
cient to enable the switch-tender to throw the lever into place although 
the switch-points may be held from the rail by accumulations of snow 
or ice, or by stones from the ballasting, and the switch may thus be left 
in a most dangerous condition ; but Ainsworth’s switch is so made that 
during the act of closing or opening it, and until the points are moved 
quite into place, the connections between the stand and the points 
become, for the time being, rigid, or non-elastic, and it is impossible 
to shove down the ball on the switch-lever until the points are entirely 
home; and the throw of the crank is great enough to permit the switeh 
to be moved before the end of the are is reached. This important 
result is accomplished (as shown in cut No, 2 herewith) by means of a 
slotted plate (a) in which works a pin (b) attached to the end of the 
switch-rod: During the act of shifting the switch, this pin remains 
against a shoulder in the slot, and any change of length in the switch- 
rod is prevented ; but, at the conclusion of the movement, the plate is 
moved by a positive motion into such a position that the pin may move 
along one of the slots to permit the points of the switch to be sprung 
over. It is thus rendered impossible for the switch-tender to leave the 
switch half open, if he puts the ball down and locks it in place, for, 
in order to do this, it is necessary that the switch be either open or shut. 

In examining and testing this switch, your committee have had 
in view the fact that there are, generally speaking, four different con- 
ditions under which a “ safety-switch ” is tried in practice, and which it 
must fulfill in order to establish its claim of “ safety.” These condi- 
tions may be stated thus :— When the switch is set for the main track, it 
is essential, first, that it be safe for trains passing in either direction on 
that track, and, secondly, that trains must also be able to pass in safety 
from the siding to the main line. When the switch is set for the siding, 
trains must be able, thirdly, to pass into or out of the siding, and, 
fourthly, to pass along the main line in the direction towards which the 
switch opens. Your committee were enabled to test the Ainsworth 
Automatic Safety-switch in all of these particulars, and in every case 
found it to give most excellent results. In the first case just stated, 
trains must pass in either direction with perfect safety, for one rail 
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remains entirely unbroken, and the flange of the wheel is compelled to 
follow it by the guard-rail, and by the outer switch-rail acting as a 
guard-rail to prevent wear on the points ; and the inside-track rail also 
offers a practically continuous and sufficient bearing for the tread of the 
wheels. In the second case, the spring in the “switch ” or “ conneet- 
ing” rod, acting as in the Lorenz and English switches, permits the 
outgoing train to move the points sufficiently to pass, and, after the 
passage of the train, the spring restores the points to their proper posi- 
tions. This the committee tested repeatedly, by running trains through 
the switch at high and slow speeds, and with perfectly satisfactory 
results. 

Under the the third head, that is, with switch set for siding, trains 
are permitted to pass safely in either direction. When they enter the 
siding, the advancing flange on the switch side of the track enters the 
four-inch aperture between the point and the rail ; is diverted by the 
projecting point, and, before the opposite wheel has reached the other 
point, the inside wheels will have obtained a good bearing on the bent 
or continuous switch-rail, and the open main-track rail acts as a guard 
to prevent wear on the point of the open switch-rail ; while, in case of 
trains leaving the siding, the flange is caught by the guard-rail, and 
the wheel is diverted on to the main-line unbroken rail before the oppo- 
site flange has reached the bend in the continuous switeh-rail. And, 
fourthly, trains passing against the points will, of course, enter the 
switch, while trains passing with the points, or in the proper direction 
of travel, will continue on their course, and continue without interrup- 
tion or jar; but the first pair of wheels to enter the switch will close 
it, and the train will leave it set for the main line by the mechanism 
previously described. 

As this is a feature possessed by no other switch known to your 
committee, especial pains were taken to note its action under repeated 
experiments, and the committee are satisfied that it is certain in its 
operation and fully sustained the inventor’s claims. But, besides the 
foregoing legitimate cases, we must consider the possibility of mali- 
ciously or accidentally setting the switch wrong. As we have seen, it 
is impossible that the switch be left in a dangerous position if the lever 
be put in either of its extreme positions ; but, suppose the lever not 
pushed to place, but standing upright or blocked in some intermediate 
place, will it cause a train to leave the track? To try the effect of 
this, the switch-lever was raised to about a central position, and the 
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train was run at the points. | Under these circumstances it was found 
that the wheels would invariably take one side or the other of the point, 
and turn into the siding or continue on main track. If the flange of 
the wheel be as sharp as usual, it follows that the wheel must take one 
side or the other of the point; but if the flange be sufficiently broad, 
it is possible that it might strike the point so directly that the wheel 
might ride up on the point; but, even if it should, no harm could 
result, because the opposite flange would be guided by the guard-rail 
and the other point. The working parts of the stand are protected 
from the weather or from mischievous interference by a stout wooden 
cover, and, as we have already seen, it is impossible for the switeh- 
tender to set the switch-lever “home” in either position unless the 
points are also in their proper positions. In all of these respects the 
switch worked admirably, and there does not appear reason why it 
should not be at least as durable as any other safety-switch in the mar- 
ket. It is sufficiently simple in its construction, and may be manutac- 
tured quite as cheaply as other switches of its class, especially as. it 
requires but little machine-shop work or fitting to construct it. [ts most 
complex part (the stand) consists chiefly of steel castings, which may be 
put together with scarcely any finishing. In conclusion, your commit- 
tee have to report that they find that the Ainsworth switch sustains 
fully the claims made for it ; that it performs its work surely and sat- 
isfactorily, and seems to possess reasonable durability; and they 
welcome it as a successful effort to diminish the danger of what has 
proved the most prolific source of railway accidents. 

O. B. Conroy. 

THos. SHAw. 

Wa. D. Marks. 

COLEMAN SELLERS, JR., 

Chairman. 
Approved by the Committee on Science and the Arts, March 5, 1879. 
Henry CARTWRIGHT, 
Chairman pro tem. 


Air-tight Corks.— Plunge the corks in melted paraffine and keep 
them there for about five minutes. Corks thus prepared can be easily 
cut and bored, and easily inserted or withdrawn from the bottles. They 
are both air-tight and water-tight—Der Techniker. Cc. 
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REPORT OF THE COMMITTEE ON SCIENCE AND ARTS 
ON NORBERT DE LANDTSHEER’S MACHINE 
FOR TREATING FLAX, HEMP, Eve. 


HALL OF THE FRANKLIN LnstrruTs, | 
PHILADELPHIA, Dee, 19th, 1878. 5 

The Committee on Science and the Arts, constituted by the Franklin 
Institute of the State of Pennsylvania, to whom was referred for exam- 
ination Norbert de Landtsheer’s machine for treating flax, hemp and 
other similar plants, report that the machine occupies a floor space of 
about 8 by 10 feet, and consists of a cast-iron frame, a stationary feed- 
board or table, two pairs of fluted metal rollers, a sheet-iron drum or 
«vlinder, furnished with blades or beaters of wood at regular intervals 
xround its circumference, and the necessary driving pulleys, wheels, 
pinions and gears for automatic operation. In outward appearance it 
somewhat resembles a grain fan. 

Two distinct operations upon the staple to be treated are performed 
by this machine: the first that of breaking, the second, of scutech- 
ing. The object of the first is to break the stem or “ boon” forming 
the woody interior of the flax, or other similar fibrous plant, that this 
refuse may more readily be removed in the subsequent operations. 
The second is to beat or “seutch” out this “ boon” or broken straw, 
thus leaving the fibre in a condition to be mechanically divided in the 
heckling machine or gill-box. 

In operation, the stalks of hemp or flax, which had previously 
undergone the process of “ retting” or rotting, were placed upon the 
feed-table of the machine, and fed to the first pair of fluted rolls or 
«ylinders in the direction of the fibre’s length. These fluted rollers 
are each supported in journal-boxes, which allow the teeth or flutes to 
mesh, but prevents them from coming in contact at the bottom of the 
flutes. ‘To these rolls or cylinders is imparted, by suitable mechanism, 
an alternate circular motion, forward in the direction of the seutching- 
drum and backward in the direction of the feed-table, the forward 
motion being the greater. This, while imparting a reciprocal move- 
ment to the fibrous stalks, thus effectually breaking the “ boon” or 
woody interior, at the same time carries the “striek” or broken 
portion forward to be still further operated upon by the seutching- 
drum or cylinder. 
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This drum is of sheet-iron, affixed to cast-iron rims or spiders, is 
four feet in diameter and is furnished with sixteen tough wooden 
blades or beaters. It revolves in an opposite direction to the forward 
motion of the breaking rollers; that is, the upper periphery of the 
scutching-drum moves in the direction of the feed end of the machine, 
thus bringing its beaters with a downward blow against the pendant 
fibres, beating out the “ boon” or broken woody interior. This operation 
is still further aided by the current of air set in motion by the revolu- 
tion of the drum which winnows the chaff from the long lines of fibre. 

When the stalks have been fed between the fluted rolls to a little 
beyond the centre of their length the alternate circular motion is con- 
verted automatically or by hand to a rapid continuous reverse motion, 
which delivers to the operator who then feeds the unbroken stalk ends 
to the breaking rolls. These in turn undergo the above-described opera- 
tions and the fibre, discharged as before, free from straw or “ boon” 
and in straight, untangled lines. 

The mechanism designed to impart the alternate circular and contin- 
uous reverse motions to the fluted rollers consists, in its essential 
features, of a concentric pinion-wheel brought into alternate working 
contact with cogs on the concave rim of a surrounding gearing and a 
system of crossed and open belts. This mechanical contrivance is 
deserving of special mention, being well adapted for the purpose 
designed, is capable of adjustment to suit different lengths of fibre, 
and may be controlled automatically or by hand. 

The flax stalks operated upon, were grown not for the fibre, but for 
seed alone, and had not been properly “retted”; yet the machine 
under consideration performed the operations of breaking and scutch- 
ing with entire success. Flax stalks, two feet, and hemp stalks eight 
feet long were alternately fed to the machine and the fibre was deliv- 
ered clear of “boon,” straw and woody material, in from thirty to 
forty seconds, while but very little scutching-tow or codilla was made. 

The machine is rapid in its action, not complicated with delicate 
and nicely-to-be-adjusted parts, requires comparatively little power to 
drive and does not need skilled labor to operate it. It is a French 
invention, and letters patent have been granted in England and the 
United States, the former bearing date May 30th, 1874, and desig- 
nated by No, 19Q0, the latter May 8th, 1877, and numbered 190,476. 

The introduction and general use of this machine would without 
doubt tend to restore and extend the cultivation of such fibrous plants 
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as flax, hemp, jute, and others of a similar nature, by enabling produ- 
cers to deliver these several fibres in a clean, straight, long-line, mar- 
ketable shape, at low cost. 

Unlike cotton, which is comparatively a delicate plant that can only 
be grown profitably in the Southern and Southwestern States, flax and 
kindred plants may be grown readily throughout our entire country. 
Light soils are more suitable for its development, but good crops may 
be gathered from strong and clayey ground. 

Hitherto the operations of breaking and scutching have been largely 
performed by hand. Where machinery has been used, each operation 
required a distinct and separate machine. Rude in design and imper- 
fect in performance, they have, even in flax-growing districts, scarcely 
supplanted the primitive methods, while in this country they are 
almost unknown. 

Your sub-committee therefore respectfully submit the above, and 
believe this machine to be a valuable and useful improvement, worthy 
of award, 

Srockton Bates, 
Cras. H. Bans, 
J. 
JOHN SHINN. 


FRANKLIN INSTITUTE STANDARD SCREW THREAD. 


We are in receipt of a letter from the Morse Twist Drill and Machine 
Co., of New Bedford, Mass., in reference to the standard for screw threads 
proposed by this Institute fifteen years ago. This letter we publish 
entire, but must venture some eomments on that portion of it alluding 
to the difficulties to be experienced by manufacturers in originating 
their own standards. On page 247 will be found the assertion “ If man- 
ufacturers establish their own standard, their work will not interchange 
either with one another or with the Government standards, by which 
the largest majority of the work has thus far been constructed.” The 
so-called Government standards are the sample screws and threaded 
collars purchased by the Navy Department for certain of the Navy Yards. 
These were made by a Mr. Fox, and may or may not be correct in 
diameter in angle of thread or in the width of flat top and bottom. They 
are said to have been made according to the formule prepared by Mr. 
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William Sellers and adopted by the Institute. What is claimed for these 
formule is that they offer rules to guide workmen of ordinary intelli- 
gence to originate each for himself work that would interchange with 
the work of the makers. We do not think that the same accuracy of 
fit is required in bolts and nuts as is looked for in standard plugs and 
rings for determining size. A reasonably good fit for a bolt and its 
nut is a long way off from the fit of these standards and yet answer a 
very good purpose. It is quite certain that interchangeable work in 
the line of bolts and nuts have been originated by manufacturers widely 
separated from one another. What we are anxious to see in relation 
to the new standard is good instruments for determining the accuracy 
of the taps in the market in the hands of the users of the tools, so that 
they can themselves judge of the correctness of the work furnished to 
them. : 

The suggestions made by Mr. Stetson in his letter in regard to the use 
of gy and 4; size taps is very well worthy of careful consideration. These 
odd sizes are used in place of the even inch quarters and eighths in order 
to take less stock off of certain over size irons in the market. Thus 
some bolt makers tap one inch nuts with a tap 1,4; inches diameter 
and cut the bolts to fit this even size. Now, not long since Mr. 
Whitney, of Pratt & Whitney, also tap and die makers, was told by 
the manager of one of the principal railroads in New York State, that 
the saving in expense to that road in bolt-iron only would amount to 
several thousand dollars a year if they should be particular to buy only 
iron rolled to proper size. Rolling mills ean readily furnish the sizes 
wanted when they know the need of the accuracy. We quite agree 
with Mr. Stetson that these over sizes should not be classed as 
Standard.” 8. 


“New Beprorp, Mass., February 10th, 1879. 

“ To the Committee on Publication, Franklin Institute, Philadelphia : 
“GENTLEMEN :—It is now the fifteenth year since the adoption of the 
report of your committee recommending a system of threads for screw 
work. It may be interesting to call attention to the subject to keep it 
before the public, and to know how its adoption is progressing. Its 
value can be somewhat shown by stating that a full set of hand and nut 
taps ranging from } in. to 1} in. of the common form and number of 
threads requires 246 taps, while the same sizes by the Franklin Institute 
standard require only 48 taps. The loss between the systems in time and 
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money must hold somewhat the same proportion. The adoption of a 
system of threads that would be interchangeable requires very accurate 
work, as the construction of common cylindrical gauges is a test of good 
workmanship. The surfaces ofa 1 in. plain gauge, however, are but about 
one-half as large as in a threaded gauge. A 1 in. plain gauge fitted to 
a 1 in. broad ring has three and a fraction square inches of bearing sur- 
face. A 1:8 threaded gauge has nearly six square inches bearing sur- 
face. The plain gauge is readily ground after hardening ,the threaded 
gauge, though more liable to change in hardening, can only be re-adjusted 
by a system of grinding producing approximate results. The contrae- 
tion of taps and dies in the hardening process is the most serious matter 
that stands in the way of interchangeable work. Two taps made at the 
same time and size will frequently fit quite differently after tempering. 
The cause can be shown by an instrument made of sheet steel, fitted to 
an accurate thread, the points being two inches apart and of the proper 
angle. It is used by placing the points in the thread. parallel with the 
grooves. Few taps will be found perfect when subjected to this test, 
which shows their contraction, This tool would be useful to bolt makers 
asa dull, thin or contracted die changes the lead of the thread and 
makes an element of inaccuracy difficult to contend with. Hardened 
taps cannot be gauged with accuracy, as their changes in hardening will 
not allow them to be returned to the gauge they were cut to. The best 
way is to provide a standard male gauge to inspect the work tapped by 
them. With the above facts in view it can be seen how much care the 
adoption of a standard of reference requires. The general government, 
seconding the efforts of the Franklin Institute, caused to be made ten 
sets of standard gauges to be used in the several navy yards. These 
gauges embody all the principles recommended in the report of your 
committe, the female gauge being the proper thickness and form of 
the nut recommended. The male having the size at the root of thread 
shown by a projection of a portion of the point, turned to the proper 
diameter beyond the thread. The government work has been made in 
conformity to these gauges for several years since their acceptance. At 
the time the system was established, the manufacture of taps and dies 
(for the market) was in an undeveloped state ; the manufacturers being 
unable to produce work to meet the requirements of the system. At 
the purchase of the tools and machinery of the New York Tap and Die 
Company by the Morse Twist Drill and Machine Company, in 1874, an 
effort was made to furnish the public with tools, enabling its general adop- 
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tion. Their experience in constructing gauges of the common threads 
had shown them that the construction of a set of gauges to measure- 
ments, that would interchange with others constructed to a common 
standard, would be very difficult, if not practically impossible. Learn- 
ing of the sets owned by the government, they procured a full set, 
their duplicates, which being tested at the Navy Yards at Charlestown 
and Brooklyn, proved to interchange satisfactorily. Feeling that they 
were now able to construct tools in conformity with the already recog- 
nized standards, they were placed upon the market. The demand has 
steadily increased, and several of the largest railroads are constructing 
their work on this principle and demanding their contractors to conform 
thereto. The larger companies are adhering to the standards, but there 
is a constant tendency to destroy the perfection of the system by order- 
in yd and »yth sizes. Also, frequently the number of threads is changed 
but the shape ordered retained. Such departures would seem to be 
unnecessary, and destructive to the best results. Iron can be procured 
of accurate sizes when demanded. Engineers and manufacturers should 
be sufficiently alive to their own interests to discountenance any unneces- 
sary deviation from the standards. 

“To make serew work interchangeable will require careful supervision 
and accurate gauges. If manufacturers establish their own standards, 
their work will not interchange either with one another or the govern- 
ment standards, by which the largest majority of the work has thus far 
been constructed. The causes that have delayed the adoption of the 
system are apparent and have been removed. Its adoption by the Navy 
Department, Master car builders and several of the larger constructors, 
its increased use by the general public give assurances that promise 
well for its rapid and general adoption. 

“GEORGE R, Stetson.” 


Important Triangulation.—One of the greatest trigonometric 
works that have ever been undertaken is the union of the Spanish and 
Algerian Surveys. The Spanish engineers are stationed in the Sierra 
Nevada and upon Mt. Tetica ; the French at Fillaoussen, near Nemours, 
and at Ben Sabra, near Oran. The latter are under the orders of 
Commander Perier, of the Bureau of Longitudes.— Der Techniker. 
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STEAM-BOILER EXPERIMENT. 


By Chief Engineer IsHerwoop, U.S. Navy. 


During an investigation of the effect of automatic steam regulating 
dampers, conducted by a Board consisting of the writer and Chief 
Engineers Zeller and Snyder, of the United States Navy, it became 
necessary to ascertain the exact economic vaporization of water by 
anthracite in the two boilers of the locomotive type furnishing steam 
for the machine-shop of the New York Navy Yard; and the results 
of the trials, together with a description of the manner of making 
them, and of the boilers, are given in this paper. 

The two boilers, which are exact duplicates in all respects, are situ- 
ated side by side in the boiler-house and have a steam connection in com- 
mon, so that both are worked with precisely the same pressure, and they 
deliver their gases of combustion into the same chimney, which is also 
used for other pnrposes. 

Each boiler is fitted with a steam-gauge and a glass water-gauge, 
and had a sensitive metallic pyrometer permanently placed in its uptake 
to denote the temperature of the gases of combustion emerging from 
the tubes. In the vertical descending flue of each boiler which led 
from its uptake to the horizontal flue conducting these gases to the 
chimney, there was permanently placed between the uptake and the 
damper, a U formed glass tube containing colored water and fitted 
with a sliding scale, so that the force of the draught could be meas- 
ured by the height of the column of water supported by the excess of 
the atmospheric pressure over the pressure in the flue. 

All the feed-water supplied to the boilers was first accurately meas- 
ured in a rectangular tank of wood lined with sheet lead and having 
its bottom carefully leveled. The capacity of this tank up to its over- 
flow, was 118°709 cubic feet ; and it was filled by gravity with water 
from the mains of the city of Brooklyn’s water-works. The bottom 
of the tank was on an open platform at a considerable elevation above 
the top of the boilers, so that all parts both of the tank and its con- 
nections were in open view. From the tank, the feed-water descended 
by gravity into a “heater” where its temperature was largely increased 
(from 42} to 175 degrees Fahrenheit) by the exhaust steam from the 
non-condensing engine of the machine-shop ; and from the “ heater” 


} 24 
al 
ie 
d 
iy 
4 
if 
i 
4 i 
+ 
é 
+4 
a’ 
ik 
| 
14 
| 
i's 
{ 


April, 1879.] Isherwood— Boiler Experiment. 249 


it was pumped into the boilers by a small steam-pump. The steam 
from the boilers was used as fast as generated to work this engine and 
to heat the machine-shop. The temperature of the water in the 
“heater” was given by a thermometer permanently inserted in it. 


MANNER OF MAKING THE EXPERIMENTS. 


The experiments were two in number and made in exactly the same 
manner ; they were, in fact, repetitional, and gave almost exactly the 
same results. The duration of the first was 10} consecutive hours, 
and of the last, made after an interval of six days, 11 consecutive 
hours, the aggregate being 21} hours, the totals and means of which 
will be found in the table hereinafter given. 

During these experiments, and for some weeks previous, the tubes 
were not swept, but the soot upon them was light. Neither had the 
water-side of the heating surfaces been cleaned for a considerable time, 
so that the boilers, as regards cleanliness, were in the condition of ordi- 
nary practice. They were perfectly tight, and well protected form 
heat radiation by a non-conducting coating. 

The coal consumed was Pennsylvania anthracite of good quality, 
broken into pieces averaging 3 inches cube. It was accurately weighed 
in an iron tub counterbalanced on the scales, and filled each time to 
the same weight. The refuse from this anthracite was separated by 
screening into clinker and ash, each being weighed in the dry state in 
the same manner as the anthracite. During the experiments, the fires 
were not cleaned any further than could be done by revolving the 
Asheroft grate-bars, which shook out some of the fine ash, but most 
of the ash and all of the clinker remained in the furnace until the end 
of the experiment. The furnace-doors were kept closed except when 
opened for throwing in the coal. The fires were maintained about 10 
inches thick. 

During the night preceding each experiment, a banked fire was kept 
in the boilers according to custom, and in the morning of the experi- 
ment it was thoroughly cleaned of ash and clinker, and spread over 
the grate-bars to the thickness of 3 inches. On this, the fresh coal 
was fired—the height of the water in the glass gauge having been 
previously adjusted—and the steam pressure and the time being noted, 
the experiment was held to commence, At its end, the fires were 
burnt out as completely as possible and then hauled, the steam pressure 
and water level having been made the same as at the commencement. 
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Whatever unconsumed coal was found in the hauled fires, was picked 
out, weighed, and deducted. The quantity of coal consumed by this 
method, included, of course, the 3 inches depth on the grate-bars at 
the commencement of the experiment. 

During each experiment a tabular record or log was kept, in the 
columns of which were entered every fifteen minutes, the height of the 
barometer, the pressure of the steam in the boilers, the height of the 
water-column in each of the U shaped glass tubes measuring the force 
of the chimney-draught, and the temperatures of the external air, of 
the air in the boiler-room, of the feed-water in the tank, of the feed- 
water in the “ heater,” and of the gases of combustion in each uptake. 
The exact time at which each tankful of water was emptied was noted, 
and the depth of water drawn from the last tank. 

The following is a description of one of the duplicate boilers on 
which the experiments just described, were made, 


Borer. 


The boiler is of the locomotive type with fire-tubes extending hori- 
zontally in direct continuation of the furnace. 

The front portion of the shell is rectangular in plan, 4 feet 4 inches 
in width, 8 feet 9} inches in length, and 6 feet 6 inches in height; its 
top is semi-cylindrical. This portion of the shell is placed over an 
independent ash-pan of cast-iron 6 inches below it. The back portion 
of the shell, including the uptake, is cylindrical, 4 feet 4 inches in 
diameter, and 13 feet 9} inches in length, making the extreme length 
of the entire sheli 22 feet 7 inches. The upper half of the back por- 
tion is a horizontal extension of the semi-cylindrical top of the front 
portion. On the back portion of the shell is a cylindrical steam-drum, 
30 inches in diameter and 29 inches in height above the top of the 
shell ; it has a flat top to which the steam-pipe is bolted, and its axis is 
10 feet from the boiler front. The entire shell and steam-drum are 
of % inch thick plate iron. 

The boiler has one furnace, 8 feet long and 3 feet 6 inches wide in 
the clear: its sides are vertical, and its top, which is flat, is connected 
to them by quadrantal ares of 9 inches radius. The front of the fur- 
nace is separated from the shell by flat water-spaces of 4} inches width, 
including thicknesses of metal ; and the sides of the furnace are sepa- 
rated from the shell by similar spaces, or water-legs, of 5 inches width, 
including thicknesses of metal. The lower part of the back of the 
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Whatever unconsumed coal was found in the hauled fires, was picked 
out, weighed, and deducted. The quantity of coal consumed by this 
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The boiler has one furnace, 8 feet long and 3 feet 6 inches wide in 
the clear: its sides are vertical, and its top, which is flat, is connected 
to them by quadrantal ares of 9 inches radius. The front of the fur- 
nace is separated from the shell by flat water-spaces of 4} inches width, 
including thicknesses of metal ; and the sides of the furnace are sepa- 
rated from the shell by similar spaces, or water-legs, of 5 inches width, 
including thicknesses of metal. The lower part of the back of the 
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furnace is separated from the shell by a flat water-space of 4} inches 
width, including thicknesses of metal ; and the upper part of the back 
of the furnace forms the forward tube-plate. 

The furnace-loor is according to Asheroft’s patent ; it is suspended 
from an axle at its upper edge and is counterbalanced on the opposite 
side, the ends of the axle being supported by pillow-blocks in project- 
ing brackets from the door-frame. The door is thus made to open 
vertically instead of horizontally, as usual, and by means of the coun- 
terbalance to remain in any position in which it may be left. The 
opening for the door is rectangular, 18 inches wide and 16 inches 
high. The door is perforated with thirty-seven holes of», inch diam- 
eter for the admission of air above the incandescent fuel ; and during 
the experiment was kept closed except when coal was thrown into the 
furnace. 

The grate-bars are, also, according to Ashcroft’s patent, but are without 
the inclined dead-plate at the front which the patentee directs to be 
used in connection with them. The bars are nineteen in number, of 
wrought iron 14 inches square, and they protrude three inches beyond 
the boiler front, coming out with their upper surface six inches below 
the bottom of the door. The upper surface of the bars is four feet 
below the furnace-crown of the front, and four feet two and one-eighth 
inches below it at the bridge-wall. The air-spaces between the bars 
are 0675 in. wide. The object of protruding the bars, as well as of 
making them square in cross section, is that they may be revolved on 
their axes by a socket wrench applied successively to their free ends, so 
as to clean the fire of ash without opening the furnace door. The bearers 
are crenated in semicircular grooves in order that the bars may not be 
dislodged in turning. The grate surface is 5 feet 8 inches in length, 
and 3 feet 6 inches in breadth, declining 24 inches from front to back. 

The bridge-wall is of brick masonry, 15 inches high above the top 
of the grate-bars, level on its top, and 2 feet four inches in thickness 
lengthwise the boiler. 

From the furnace to the uptake proceed in direct pasletgation of the 
furnace, thirty-two horizontal fire-tubes, ten of which have an inside 
diameter of 3} inches, and the remaining twenty-two an inside diameter 
of 4} inches ; all have an extreme length of 12 feet 6 inches from outside 
to outside of tube-plates which are § inch thick. The tubes are of } inch 
thick iron, and are secured by being expanded on the inner side of their 
plates and riveted over the outer side. They are arranged vertically, 
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in six rows: the upper row contains four tubes of 4} inches and two 
of 3} inches inside diameter, the three succeeding rows contain, each, six 
tubes of 4} inches inside diameter ; the next row contains six tubes of 3% 
inches inside diameter ; and the lowest, or last row, contains two tubes 
of 3} inches inside diameter. " 

The uptake into which the tubes debouche, oceupies the last 20} 
inches of the length of the shell, and its extremity is fitted with a door 
hinged at its upper edge to give access to the back ends of the tubes 
for sweeping and repair. From the bottom of the uptake a vertical 
flue, rectangular in cross section and measuring 14 by 34 inches in the 
clear, descends several feet to a horizontal flue which leads to the 
chimney. The damper is placed in this vertical rectangular flue at 15 
inches below the boiler-shell. 

The entire shell, including the steam-drum, is covered with a 2 inches 
thick coating of asbestos cement, as a non-conductor of heat. 

The following are the principal dimensions and proportions of the 
boiler, namely : 


Extreme length of shell, : , : . 22 ft. 7 in. 
Extreme breadth of shell, ; ; 4 ft. 4 in. 
Extreme height of shell from bottom of sth pit, exe wells 

ding steam drum, . 7 ft. 
Extreme height of shell from of 

ding steam-drum, . 9 ft. 5 in. 
Diameter of steam-drum, . 2 ft. 6 in. 
Length of grate-surface, ‘ 5 ft. 8 in. 
Breadth of grate-surface, . 3 ft. 6 in. 
Area of grate-surface, . . 19% sq. ft. 
Number of tubes, . 32. 
Outside diameter of tubes, Ten of 4 in. inal twenty-two of 44 in. 
Inside diameter of tubes, . Ten of 3} in. and twenty-two of 4} in. 
Length of tubes in clear of tube-plates, . ; 12 ft. 5} in. 
Heating surface in the furnace ; . 99182 sq. ft. 
Heating surface in the tubes, calculated for their inner 

circumference, . 426°464 sq. ft. 
Heating surface in the : ‘ 8°354 sq. ft. 
Total heating surface in the boiler, . 534000 sq. ft. 
Aggregate cross area of the tubes, ‘ ; 2°9343 s, ft. 
Cross area of the vertical descending flue, ‘ . 33056 s. ft. 


4 
rs 
¢ 
i? 
§ . 
‘ 
a 
1 
t 
1. 
| 
| 
| 
if 
Tht: 
: ; 


April, 1879.] Isherwood—Boiler Experiment. 253 
Square feet of heating surface per square foot of grate 

surface, . 26°9244 
Square feet of grate untinte per square foot of cross area 

of tubes, ‘ . 67591 
Square feet of grate-surface per square foot “ cross area 

of vertical descending flue, , . 60000 
Extreme height of steam-room, exclusive of steam drum, 1 ft. 2 in. 
Area of water level, ; : 80 sq. ft. 
Capacity of steam-room, including dress; . 79 cu. ft. 
Capacity of water room to 4 inches above crown of fur- 

nace, ‘ . 160 cu. ft. 
Distance traveled by the gases of ccna from the cen- 

tre of the furnace to the centre of the uptake, . 17 ft. 4 in. 


Height of the chimney above the level of the grate-bars, 83 feet. 


With the boiler above described, and with the experiments made in 
the manner hereinbefore detailed, there were obtained the data and 
results given in the following table : 

When one pound of the combustible, or gasifiable, portion of anthra- 
cite is burned to the complete oxidation of its constituents, the heat 
developed is sufficient to vaporize under the pressure of 29°92 inches of 
mercury, 15°4258 pounds of water having the temperature of 212° 
Fahrenheit. According to the above table, the vaporization realized 
under these conditions with the navy-yard boilers, was 10°0471 pounds 
of water per pound of the gasifiable portion of the anthracite, equiva- 
10°0471 x 100 


the total heat, leaving 34°868 per centum lost by the heat in the gases of 
combustion entering the chimney, by imperfect combustion, and by exter- 
nal radiation, The latter was very small and may be neglected. The 
loss by imperfect combustion with anthracite when burned in a boiler- 
furnace with copious air supply, amounts to about ;}5 of the carbon 
and ,\; of the hydrogen constituent, which reduces the heat developed 
by such combustion of one pound of the gasifiable portion of anthracite 
to the quantity sufficient for the vaporization of only 15°1541 pounds 
«of water under the given conditions, making the vaporization realized by 

10-0471 » =) 

151541 

46°30 per centum of the total heat, leaving 33°70 per centum contained 


lent to an absorption of ( =) 65°132 per centum of 


the navy-vard boilers equivalent to an absorption of (* 
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in the gases of combustion entering the chimney. The gases of com- 
bustion escaped from the boiler with the temperature of 533°5 degrees 
Fahrenheit, and as the temperature of the air in the boiler room was 
71°6 degrees Fahrenheit, these gases carried off (533°5 — 71°6 =) 461°9 
degrees Fahrenheit of temperature, representing 33°70 per centum of 
the total heat generated by the combustion; the initial temperature of 
4619100 


these gases in the furnaces must, therefore, have been ( a 


716 = ) 1442-2 degrees Fahrenheit. The temperature of the complete 


combustion of carbon and hydrogen with air of the quantity chemically 
required, is about 3600 degrees Fahrenheit; hence, approximately, 
( 3600- 

1442-2 
of the experimental boilers. 

In well-proportioned boilers consuming anthracite, the air supply 
does not exceed at the maximum twice that which is chemically neces- 
sary ; the two and a-half times that quantity found above for the exper- 
imental boilers, was due to their too large calorimeter (1°0000 square 
foot of cross area of tubes to 6°7591 square feet of grate-surface) 
taken in combination with the fact that the tubes were not returned over, 
but lay in direct continuation of, the furnaces. The large calorimeter 
and easy exit of the gases of combustion prevented the pressure in the 
furnaces from being maintained sufficiently high to reduce the air supply 
to not over twice what was chemically necessary. In boilers of the 
experimental type, the calorimeter or opening through the tubes for 
draught, should not exceed one-ninth of the grate-surface. Had these 
boilers been so proportioned, their economic vaporization would have 
been not less than ten per centum greater. 


=) 2°5 times that quantity of air passed through the furnaces 


Analogy Between Animal and Plant Life.—M. van der 
Harst, in Utrecht, has discovered in the common garden bean, when it 
begins to sprout, a ferment analagous to pepsin, which can be extracted 
by means of glycerine. It has the power of changing albuminous into. 
peptonic substances, and starch into glucose. It is found exclusively 
in the cotyledons. In the case of flesh-eating plants, all the steps of 
digestion secmn to take place in the same manner as in animals.— Fortsch . 
der Zeit. C. 
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TABLE CONTAINING THE 


UNITED STATES NAVAL ENGINEERS ON THE 


TOTAL 


MACHINE-SHOP OF 


QUANTITIES. 


PRESSURES. 


RATE OF 


COMBUSTION, 


VAPOR- 
IZATION. 


Total. 


STEAM-BOILER EXPERIMENT. 


By Curer Encinerr ISHERWOOD, U.S. Navy. 


DATA AND 


Duration of the 


Total 
Total 
Total 
Total 
Total 
Total 
Total 


Per centum of the 
Per centum of the 
Per centum of the 


number of 


RESULTS OF AN EXPERIMENT MADE IN JANUARY, 1879, BY A BOARD 01 
TWO BOLLERS OF THE LOCOMOTIVE TYPE IN THE 
THE NEW YoRK NAvy YARD, TO DETERMINE THEIR ECONOMIC 
VAPORIZATION OF WATER BY ANTHRACITE. 
Experiment, in hours and minutes, 2145 
cubie feet of feed-water vaporized, as measured in tank, . 8650000 


number ef 


number of 
number of 


number of 
number of 


pounds of feed-water vaporized, 
pounds of anthracite consumed, 
pounds of clinker from the anthracite, 


pounds of ash from the anthracite, F ‘ 
pounds of refuse from the anthracite, in “clinker and ash, : ; 
number of pounds of combustible, or gasifiable matter in the anthracite, consumed, 
anthracite in ash, ‘ : 
anthracite in refuse of clinker and ash, 
Temperature, in degrees Fahrenheit, of the external air, : 
in degrees Fahrenheit, of the air in the boiler- room, : : 


Temper 


ature, 


Temperature, in degrees Fahrenheit, of the feed-water in the tank, 
‘Temperature, in degrees Fahrenheit, of the feed-water when ente ring the boilers after | 
passing through the heater, 


Temperature, in degrees Fahrenheit, of ‘the gases of combustion in the uptakes of the) 


boilers, 


Height of the barometer, in inches of mercury, 

Steam pressure in the boilers, in pounds per square inch above the en 

Steam pressure in the boilers, in pounds per square inch above zero, 

Pressure of the gases of combustion in the chimney below the atmosphe ric pressure, ) 
in inches of water, , 


Pounds 
Pounds 
Pounds 
Pounds 
Pounds 
Pounds 


of 
of 
of 
of 
of 
of 


anthracite consumed 
combustible consume 
anthracite consumed per hour per square foot of grate surface, 

combustible consumed per hour per square foot of grate surface, ; 
anthracite consumed 
combustible consume 


. 


corrected for temperature, : 


corrected for temperature, : 
per hour, 


¥ r hour per square foot of heating surface, 
per hour per square foot of heating surface, 


Total number of pounds of feed-water that would have been vaporized, had its tem:per- 


ature when entering the boilers been 100 degrees Fahrenheit, and had the preemie , 


upon it been equal to that of a mercurial column 29°92 inches high, 


Total number of pounds of feed-water that would have been vaporized, had its te mipe r-) 
ature when entering the boilers been 212 degrees Fahrenheit, and had the pressure 


upon it been equal to that of a mercurial column 29-92 inches high, 


Pounds of 
Pounds of 
Pounds of 
Pounds of 


water vaporized/from 100 degrees Fahrenheit by one pound of anthracite, 
water vaporized from 
water vaporized from 
water vaporized from 


100 degrees Fahrenheit by 
212 degrees Fahrenheit by 
212 degrees Fahrenheit by 


one pound of combustible, 
one pound of anthracite, 
one pound of combustible, 


57228" 
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GSZO"0000 
277-0000 
S47°0000 

1124-0000 

4°0558 
12°4193 
16°4751 


313°5632 
“SSO 
66021 
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512418359 
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TESTS OF A BALDWIN LOCOMOTIVE. 


By Joun W. M. E., 


Member American Society of Civil Engineers. 


Engine No. 36, of the Cincinnati, Hamilton & Dayton Railroad, is 
a Baldwin four-driver locomotive with 16 in, by 24 in. cylinders, and 
61 in. diameter of drivers on the tread. The total weight of engine 
with two gauges of water, as weighed for trial, was 72,220 pounds, of 
which 44,800 pounds was carried by the drivers. The weight of tank, 
void of water and coal, as weighed for trial, was 23,480 pounds, and 
with coal and water, at Cincinnati (commencement of run), 47,398°36 
pounds. 

At Hamilton (first stop) the tank weighed 32,075°04 pounds, show- 
ing an expenditure, during the run, of 15,323°32 pounds, coal and 
water ; of this 13,508°36 pounds was water, and 1814°96 pounds coal. 

Upon leaving Hamilton, the weight of tank, coal and water was 
45,583°40 pounds, and at Twin Creek (second stop) 35,150°08 pounds, 
showing an expenditure, during the run, of coal and water, 10,433°32 
pounds ; of which 8618°36 pounds was water and 1814°96 pounds 
coal, 

Upon leaving Twin Creek, the gross weight of tank was 42,880°08 
pounds, and at Dayton (third stop) was 31,755°38 pounds, showing an 
expenditure of coal and water of 11,124°7 pounds, of which 9650 pounds 
was water and 1474°7 pounds was coal. 

The average dead load of engine and tender from Cincinnati to Ham- 
47,398°36 + 32,075-04 
2 
from Hamilton to Twin Creek the average dead load of engine and 


tender was 72,220 45,5834 35,150°08 = 112,586°74 pounds, 


ilton was 72,220 4 = 111,956°7 pounds ; 


and from Twin Creek to Dayton the average dead load of engine and 

42. 880°08 31,755°38 
2 

The distance from Cincinnati to Hamilton, as run, was 24:7 miles, 

from Hamilton to Twin Creek 15°87 miles, and from Twin Creek to 


tender was 72,220 | = 109,537°73 pounds. 
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Dayton 17-09 miles, and the average dead load of engine, tender, coal 
and water for whole run was 111,413°33 pounds. 

The resistance was obtained by a train of thirty-five loaded box 
freight cars and caboose weighing 1,454,470 pounds, making aver- 
age gross load from Cincinnati to Dayton 1,565,583°33 pounds or 
782°942 tons of 2000 pounds, 

The engine is used in hauling express freight, and occasionally in 
hauling express passenger trains between Cincinnati and Dayton, and 
had been out of the shop twenty-two months. At time of test the 
engine had a record of 55,471 miles, and excepting the caulking of a 
seam in the waist of the boiler, and the setting up of the brasses in the 
rods, was run without any attempt to improve its condition. Of course 
it would not be held that the engine was tested under as favorable cir- 
cumstances as though it were just from the shop or had run but a month 
or so on light traffic. The test, however, was not to ascertain what 
locomotive engines and boilers do under favorable conditions, but what 
they do under average conditions. 

The Company owns engines of nearly every popular make, but as 
the “ Baldwin” is probably the representative American locomotive, 
and is well-known in every part of the world where railroads prevail, 
one of these was selected for the experiments as being capable of more 
completely reflecting American locomotive practice. 

It is to be regretted that so little test data exist upon the perform- 
ance of American locomotive boilers and engines. The English and 
French engineers have given no inconsiderable attention to the economy 
of locomotive engines, whilst in this country the tests are few, and 
so fur as the writer is aware no tests, excepting those herein detailed, 
have been made covering the connected performance of boiler and 
engines. 

In the present instance much of the apparatus’for the experiments 
was hastily improvised, and being limited to a given time in making 
the run from Cincinnati to Dayton, no opportunity was offered for 
a preliminary test by way of proving the correctness of the arrange- 
ments; with the exception, however, of the breaking of the speed 
counter after fifteen miles had been run, and the failure of the observer 
having charge of the calorimeter to note certain necessary data, the 
experiments were entirely satisfactory. The objects of the test were to 
ascertain 
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First. The economy of performance of the boiler. 

Second, The evaporation capacity of boiler. 

Third. Relation of heating surface to power developed by connected 
engines, 

Fourth. Relation of grate to coal burned. 

Fifth. The economy of performance of the engines independently 
considered. 

Sixth. Relation of power developed to load. 

Seventh. Power expended in moving engine alone at given speed. 

The coal burned during the run was Pittsburgh No. 2, broken and 
screened ; of this 6960 pounds was stored in the forward part of the 
tank, the hold having been divided transversely, forward of the centre, 
by a partition. 

Upon both sides of the tank, at midlength, glass gauges were con- 
nected to furnish the water levels; the gauges were set centrally as 
regards the length of tank to furnish correct mean readings on grades, 
and two gauges were used to compensate for the elevation of one side 
of the tank in passing curves. The zero points of the scales attached 
to the gauges were made to coincide when tank was on a carefully 
leveled portion of the track in the Cincinnati yard ; and the mean of 
the readings of the two gauges was held to represent the level of water on 
vertical axis of tank. Previous to the commencement and at the end 
of each run, sufficient time was allowed to permit the water to become 
entirely quiescent, when the levels were read and entered in the log. 
It was the intention to note the rate of consumption of water at intervals 
during the runs, but the violent and rapid oscillations of the water in 
the glass tubes rendered this next to impossible, and the readings that 
were taken are abandoned. 

The temperature of the feed water in the tank was read every two 
minutes during the runs.. After the tests were completed the tank was 
filled to highest gauge-point noted in the water log, weighed and the 
water drawn down to the next gauge point, re-weighed and so on until 
the least level of water noted in the log was reached ; the temperature 
being noted, the weights thus obtained as quantities due differences of 
level in the tank were corrected to correspond with mean observed 
temperatures of water during the runs. No steam was blown into the 
feed pipes to heat the water during the tests. 

The engines were precisely of the same dimensions except in the 
piston rods; that of the left engine having been renewed previous to 
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the tests, and increased ‘0625 in. in diameter. The diameters of cyl- 
inders and strokes of pistons, areas of steam and exhaust passages, travels 
and laps of valves, valve functions as measured on the guides, and, 
of course, the revolutions of both engines were the same ; and, without 
data to the contrary, one would suppose that the load was equally 
divided between the two engines. To determine whether the engines 
did equal portions of the work, each was separately indicated. One 
indicator was attached to each cylinder ; this was set forward of the mid- 
length and vertically over the steam chest ; both ends of cylinder were 
piped to the indicator; the pipes from forward end and from the 
after end were of same dimensions of bore and length. An open-way 
stop-cock with lever handle was set in each branch of the indicator 
pipes to cut off the opposite end of cylinder when taking the diagram, 
and to shut off both ends when indicator was out of use. The pipes 
were necessarily of short lengths, and were carefully rounded at the ends 
and filed for whole length to offer as little resistance as possible to the 
flow of steam. 

The indicator springs were made for the experiments by the Buck- 
eye Engine Company, of Salem, Ohio, and were very accurate as devel- 
oped by direct load test and precisely alike in their action. The dia- 
grams were taken on the left engine by the writer, and on the right 
engine by an experienced assistant, and were taken simultaneously first 
from forward, then from back end of cylinder, from signals given on 
the engine’s whistle. The diagrams were taken every two minutes 
during the run, except at times when engine was on down grade and 
steam shut off. Excepting certain diagrams, to which attention is directed, 
all were taken with throttle wide open and speed of engines controlled 
by the links and reversing lever. In addition to the operators at 
the indicators, two assistants rode on the pilot of the locomotive and 
noted on the diagrams the consecutive numbers and engines (right and 
left) from which they were taken. 

From Cincinnati to Hamilton water tank, a distance of 24°695 miles, 
the run was made in one hour and twenty-six minutes, during which 
time were taken forty diagrams from each end of each cylinder, or 
eighty cards from each engine. From Hamilton to Twin Creek, a dis- 
tance of 15°869 miles, the run was made in forty-two minutes, during 
which time were taken twenty diagrams from each end of each cylinder 
or forty cards from each engine. From Twin Creek to Dayton, a dis- 
tance of 16°267 miles, the run was made in 42°5 minutes, during which 


| 
i 
. 
¥ 
| 
| 
"| 


April, 1879.] Hill— Locomotive Tests. 259 


time were taken twenty-one diagrams from each end of each cylinder 
or forty-two cards from each engine; making three hundred and 
twenty-four diagrams in 2 total run of fifty-seven miles, or an average 
of nearly six diagrams (both engines) per mile run. 

The track in plane is composed of a succession of curves and tangents. 
From Cincinnati to Dayton the road was divided into ninety-six 
stations, each station indicating the southern end of the curve, simple 
or compound, or tangent as the case might be. From profiles of the 
road-bed and the civil engineer’s notes, a chart was prepared showing 
the succession of the stations, grades and levels, distances from station 
to station measured in the centre of track, angular deflection of curves, 
degrees comprised in the ares, and ratio of ascending or descending 
grades. An observer sat at the right cab window and noted the time, 
to second, of passing each station. 

A calorimeter consisting of a coil of brass drawn tube and a tin tank, 
the whole arranged as a small surface-condenser, was used to obtain the 
data from which to estimate the quality of steam produced; the upper 
end of coil, which was set vertically in the tank, was connected by a 
small pipe with the after steam-dome, and an open way cock, with an 
orifice *0469 in. diameter, controlled ‘the flow of steam to the coil; the 
lower end of the coil was carried through the side of the tank and 
turned down into a receiving tank, where the water of condensation was 
collected. The condensing water was carried in a saddle-tank, set on 
the boiler between the forward dome and sand box, a rubber hose con- 
veying the water into the condenser. The injection entered at the 
bottom of the condenser and passed out at the top,a rubber hose carried 
out on the running board delivering the hot condensing water clear of 
the track. Three temperatures: were read—the injection, overflow and 
condensation from the worm; and two quantities were noted—the 
expense of condensing water in the saddle-tank and weight of conden- 
sation from the worm. 

Although the arrangements for taking the calorimeter observations 
were very complete, the record at this point is useless ; the assistant 
having entirely overlooked the observations of condensing water 


expended.* 


* The writer would suggest that whilst it is an easy matter in directing experiments 
on stationary, marine or pumping engines, to visit and confer with the assistants and 
verify or correct their records during the tests, this is impossible in making a running 
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The boiler pressures were taken from a steam-gauge made for the 
experiments, and by mercury column, practically accurate ; a speed- 
counter, taking motion from the swinging arm attached to the cross- 
head of the left engine to drive the indicator, was secured on the after 
end of cab. 

The writer was extremely anxious to obtain a correct record of the 
revolutions of drivers; to arrive at the imperceptible slip, the exact 
running distances were carefully measured by the civil engineer of the 
road subsequent to the tests, as also the running times during the tests, 
and with a correct record of the revolutions, the imperceptible slip of 
<lriver for whole runs and increments of runs could have been obtained 
with great precision, The counter record, however, covers only the first 
sixteen miles of the run from Cincinnati to Hamilten. The time was 
taken from a lever clock in the cab of the engine, and the signals were 
given regularly every two minutes on the whistle. Fifteen seconds 
previous to each reading, two short blows were given to notify the 
observers of an approaching observation, and upon completion of each 
two-minute interval a single sharp blow produced a simultaneous action 
of the assistants. 

It has been intimated that test data on the performance of Amer- 
ican locomotive engines are searce. The master mechanics of the 
various railroads assemble in convention once each year, and discuss a 
list of topics pertinent to locomotive practice from an experimental 
standpoint, and, singular as it may seem, two master mechanics in dif- 
ferent parts of the country, will test the same improvements under the 
same conditions, and obtain diametrically opposite results, one lauding 
the improvement as a magnificent success, and his opponent condemn- 
ing it asa miserable failure. (Vide “Annual Reports of the Master 
Mechanics’ Association.”’) 

Of course such experiments as these are worthless, and the sooner 
locomotive builders and railway companies learn to test by systematic. 
methods the machinery built by the one and used by the other, the 
sooner will locomotive practice appreciate that of the marine, pump- 
ing and automatic cut-off engines. 

Whenever railway companies are taught to buy locomotives as 
municipal corporations buy pumping engines, and steamship compa- 


test of a locomotive, each observer being practically glued to his station, and unless 
fully cognizant of and familiar with his duties, ix very liable to error in making up 
his notes. 
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nies buy marine machinery, then and not earlier will the economic and 
capacity value of the locomotive engine advance. 

The writer must not be understood as denying cxcellence in the 
American locomotive; upon the contrary, that excellence is fairly 
proven by these experiments; but while these experiments are con- 
vineing as to the merits of the “ Baldwin” engine, they do not show 
the precise position of the engine in the seale of merit. The Bald- 
win is generally recognized as the representative American locomotive ; 
and certainly, if enterprise and liberality is a gauge of merit, then the 
Baldwin Company is entitled to the palm; but, independent of any 
general impressions that may prevail in behalf of the Baldwin, the 
Rogers, or the Grant locomotive, it is to the interests of the builders of 
these engines to place their machinery before railway companies, not 
upon the opinion of any or all master mechanics, but upon a founda- 
tion of facts, and these facts to be obtained by methods that leave no 
room to doubt the pronounced value of the machine. 

There was a period in the history of American railways when the 
economic and capacity value of a locomotive was of very little moment. 
If one engine was incapable of hauling a load between given points in 
a given time, the load was divided, and two engines and two sets of men 
were employed to do the work. If the expense of fuel to overcome a 
given resistance in a given time was twice what it should have been, 
no interest was felt in reducing it, as fuel was cheap and dividends 
large. This, however, is not the condition of American railways at 
present ; few companies can profitably neglect the cost of operating 
their locomotives, and whilst (so far as the writer is aware) no intelli- 
gent effort has been made by any railway company to materially 
advance the economic and capacity standard of their engines, the desire 
to do so is manifested quite the same. 

Unfortunately railway managers are rarely qualified to examine and 
criticise the precise performance of locomotives, and are compelled to 
rely entirely upon their master mechanics to fill the position of an 
expert as well as a superintendent of machinery. From an extensive 
acquaintance among the steam engineers of this country, the writer has 
yet to discover the superintendent and expert successfully embodied in 
the same person ; and experience has shown that he who is eminently 
successful as a superintendent of men is very unlikely to develop 
extraordinary talent as an expert. 

Without adverting further to the “eternal fitness of things,” in the 
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operation and development of the American locomotive engine, the 
writer would suggest that the test of a Baldwin engine has for its 
object the creation of a deeper interest upon the part of locomotive 
builders and railway companies in this eminently useful machine. 

In the following tables are given the dimensions of boiler and 
engines, from data furnished by Mr. James Eckford, master mechanic 
of the road. The clearance was determined by setting the engine on 
the centre and waxing the piston to prevent transfer of water from 
clearance to opposite end of cylinder. The cylinder head was then 
replaced and the void filled with water to level of valve seat. The 
water was then drawn off by the drain-cock, weighed and temperature 
noted. The volume of clearance thus obtained was slightly in excess 
of that measured on the drawings from which the engine was built, 
but this is easily accounted for by a discrepancy between the drawings 
and patterns. The throttle was of the, poppet double beat type, the 
upper annular area alone being effective. The driving wheels were 
originally 60’ diameter, but by “ retiring” were increased to 61’’. 

The weight on the drivers was obtained by backing the engine, dis- 
«onnected from the tank, on the scale and noting the load. The engine 
was then run on the scale and gross weight taken. 


DiMEnsions OF Borer. 


Fire-box, length inside, ins. 63°00 
height, “ “ 60°50 
width, “ “ 34°50 

Barrel, length, “ 128°50 

“ diameter, . “ 48°00 

Smoke-box, length, ‘ . F “ 33°50 

Heating surface in fire-box, ; , sup. ft. 93°85 

“ front tube sheet, 10°00 
aggregate, . “ 898°67 
Cross section of tubes (calorimeter), ‘ sup. in, 346°36 
chimney, ‘ . “  264°47 
Area fire-grate, sup. ft. 15°09 
Ratio of heating to grate 59-647 
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Ratio of grate surface to calorimeter, 
calorimeter to chimney, 
Steam domes, number, 
“ diam. (inside), 
height, 
Supply dome, center of barrel, 
Rear “  fire-box, 


DIMENSIONS OF ENGINES. 


Number of cylinders, 
Diam. 
Stroke of pistons, 
Diam. of piston rod (right), 
“ (left), 

Effective mean area of piston (right), 

“ “ “ (left), 
Clearance in parts of stroke, 
Increase in stroke due clearance, 
Area of openings through throttle, 

steam pipe (15’" x 1°25/’), 


“ ports x 2°50"), . 


exhaust “ 

nozzles, 
Travel of slide valves in full gear, 
Steam lap on slide valves, . 
Exhaust lap 
Diam. of drivers (four), 
Driving wheel base, 
Total, 
Weight on drivers, 


“of engine (total) with two gauges of water. 


2 
ins. 16°0000 
* 24-0000 
2°7500 
“ 28125 
“ 
“ 197-9100 
“0760 
1°8240 
12°6646 
17-2000 
18-7000 
37°4000 
5°9400 
5°3125 
“8750 
0625 
61-0000 
ft. 8-0000 
* 22-0000 
pds. 44,840 
“ 72,220 


In the following tables of boiler and engine performance, the runs 
from Cincinnati to Hamilton, from Hamilton to Twin Creek and from 
Twin Creek to Dayton are separately considered. 

As the boiler is the source of the power, or more correctly speaking, 
the fuel burned in the furnace is the source of the power, and the 
boiler the means of adapting the calorific effect of the fuel to useful 
work, the first inquiry will be into the performance of the boiler. 
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The run from Cincinnati to Hamilton occupied one hour and twenty- 
six minutes, without stop, during which time there was pumped into the 
boiler 13,508°36 pounds of water as against 1814°96 pounds of coal. 
By the English method of estimating boiler efficiency, it is assumed 
that the water fed to the boiler represents the total evaporation, but 
from numerous experiments by the writer and others on boiler perform - 
ance, the fact has been established that, except superheating surface be 
provided, no boiler furnishes saturated steam. So far as the writer is 
aware, locomotive boilers are not provided with superheating surface, 
and it is proper to assume that a certain percentage of the total water 
pumped into the boiler went into the dry pipe as liquid. The arrange- 
ments for taking the data upon which the primage would be estimated 
were very complete, but the negligence of the assistant charged with the 
work of observation defeated this part of the test. The relatively large 
heating surface to water carried, excellent circulation, and high temper- 
ature of waste gases are all calculated to reduce the primage to a min- 
imum ; the primage is taken at five per cent. for each run; hence satur- 
ated steam furnished during first ran was 12,832°94 pounds, and steam 
per pound of coal 7-0706 pounds, or estimated from and at 212° Fahr. 
8°36 pounds. Estimating the coal blown unconsumed out of the chim- 
ney by the blast, at five per cent. and efficiency of coal as ninety per 
cent, an equal weight of carbon, then evaporation from and at 212° 
= 9°77 pounds. 

Mr. D. K. Clark, in his “ Manual for Mechanical Engineers” * fur- 
nishes a table of the performance of sixty-one locomotive boilers, fifteen 
of which exhibit an evaporation in excess of ten pounds per pound of 
coke, estimated from and at 212° Fahr. The manner in which the 
boilers were tested, pressure of evaporation, speed, load, grades and 
efficiency of coke are either unknown or carefully omitted. All these 
elements have a decided bearing on the evaporation performance of a 
locomotive boiler, and it would be manifestly unfair to compare the 
performance of the “Baldwin” boiler with that of any other make 
unless both were worked under similar or known conditions. It is not 
known that any special differences in design and construction exists 
between the standard locomotive boilers of America and England, and 
with equal efficiency of fuel and like conditions of performance, the 


Fahrenheit was 


* Pp. 799-800. 
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evaporation for boilers of similar dimensions should be approximately 
the same whether tested in this country or the other. The “Baldwin” 
boiler was not tested to obtain maximum results, but to obtain results 
under ordinary conditions of performance, and in the writer’s opinion, 
the economy, as shown during the run from Cincinnati to Hamilton, is 
excellent. 

The capacity of the boiler, during this run, in steam per hour, from 
and at 212° Fahr., was 10,586 pounds of steam per hour or nearly 
ten pounds actual evaporation per square foot of heating surface. It is 
customary to estimate the capacity of a tubular boiler with natural 
draft, at fifteen square feet of heating surface per horse-power of effect 


of connected slide-valve engine, but in this run 3°243 square feet of 


heating surface were required per horse-power of connected engine. 


The slide-valves of the engines were worked by links, but the cut-off 


was in round numbers half stroke, and the difference between the 
capacity with natural draft and as developed during the run, is due to 
the effect of blast. The engines developed unusual economy, as will be 
shown, and assuming the expense of steam per horse-power per hour 
at forty-five pounds, then the heating surface per horse-power of con- 


nected engines becomes four and one-half square feet, and the rate of 


effect of boiler with blast to effect of boiler with natural draft is 
15 32:3 


x 45 


With natural draft, the expense of coal per hour per square foot of 


grate would have been about twenty-five pounds, and during the run 
the rate of consumption of coal referred to area of grate was eighty-four 
pounds ; hence ratio of effect with blast to effect with natural draft 
becomes 


The run from Hamilton to Twin Creek occupied forty-two minutes, 
during which time 8618°36 pounds of water were pumped into the 
boiler and 1814°96 pounds of coal were fired on the grate. Estimating 
primage, as before, at five per cent., the saturated steam furnished during 
this run was 8187°44 pounds. The evaporation per pound of coal was 
4°5 pounds, or from and at 212° Fahr., 5°34 pounds; but the capac- 
ity of the boiler from and at 212° Fahr. was at the rate of nearly 


Wuote No. Vou. CVIL—(Txirp Serres, Vol. lxxvii.) 19 
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14,000 pounds of steam per hour, or 13 pounds of steam per square 
foot of heating surface per hour. During this run the expense 
of steam per hour per horse-power of connected engines (based on total 
saturated steam furnished) was 33°4 pounds, and heating surface per 


horse power developed ke == 2:57 square feet. 


Estimating, as before, with natural draft, fifteen square feet of heat- 
ing surface per horse-power of effect of connected engine, and forty-fire 
pounds as the expense of steam per hour per horse-power developed by 
engines, then the ratio of effect of blast to effect of natural draft is 

15 X 

257 X45 
and, as before, estimating consumption of coal per square foot of grate 
per hour with natural draft at twenty-five pounds, then the ratio of 
effect of blast to effect of natural draft is with a consumption of 172 
pounds of coal per square foot of grate per hour as during the run: 


4°332 


= 7 nearly. 


In the run from Cincinnati to Hamilton it has been shown that the 
ratios of effect of blast to effect of natural draft; by heating surface 
per horse-power of connected engines, and by coal burned per sq. ft. 
of grate per hour, were approximately the same; whilst in the run 
from Hamilton to Twin Creek the ratio by coal burned is nearly sixty- 
five per cent. in excess of ratio by heating sufface. Neglecting the 
loss of heat by extra radiation during the run, which was very small, 
and assuming the consumption of fuel per sq. ft. of grate to vary 
directly as the blast, and the blast to vary directly as the weight of 
steam exhausted per second, then the consumption of coal per sq. ft. of 
grate per hour for second run becomes 120°75 pds. and the ratio of 
effect of blast to effect of natural draught as measured by the coal 
burned is 

110°86 
25 


The economy of performance of the boiler, or the evaporation per 
pound of coal charged to the furnace, was very low during the run ; 
but the economy is based on the total coal charged, with no allowance 
for that blown unconsumed out of the chimney. 


= 4454 
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According to Mr. Longridge,* “the rate of combustion has no influ- 
ence on the economic effect,” and this is probably true, if the evapora- 
tion is referred to the coal actually burned to carbonic acid; but 
assuming in the run from Hamilton to Twin Creek a combustion 
equivalent to that of run from Cincinnati to Hamilton, then the evap- 
oration from and at 212° Fahr. becomes 7°6 pds. per pound of coal 
as compared with 8°36 pds. for previous run. 

The run from Twin Creek to Dayton occupied fifty minutes, during 
which time the water pumped into the boiler was 9650 pds. and coal 
fired 14747 pds. Estimating primage, as before, at five per cent., the 
saturated steam furnished was 9167°5 pds., or an actual evaporation of 
6°216 pds. per pound of coal. Equivalent evaporation from and at 
212° Fahr., 7°3 pds. The coal burned per sq. ft. of grate per hour 
was 117°27 pds., and capacity of boiler in steam per hour from and at 
212° Fahr., 12918 pds., or actual evaporation per sq. ft. of heating 
surface per hour, 12°24. 

The expense of steam per hour per horse-power of connected engines 
during the run was 33 pounds (based on total steam furnished) and 
heating surface per horse-power of effect of engines, 

32 
12-24 

Estimating with natural draft fifteen sq. ft. of heating surface per 
horse-power of effect of connected engine, and forty-five pounds of 
water per hour per horse-power, then the ratio of effect of blast to 

15x32 
2-614 45 

Estimating the coal burned per sq. ft. of grate with natural draft at 
25 pds., then ratio of effect with blast to effect with natural draft, with 
a consumption of 117 pounds of coal per sq. ft. of grate per hour 

117 468 
25 

Upon the assumption that the coal burned per sq. ft. of grate should 
be directly as the effect of blast the ratio of effect by blast to effect by 
natural draft during run from Twin Creek to Hamiton was 

101°02 


406] 
25 


= 2614 


effect of natural draft is = 408 


* Proceedings Inst. C. E., vol. iii, Session 1877-78, part ii, page 17. 
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Heating surface per horse-power and ratio of effect of blast. 
Heating surface Ratio of effect Ratio of effect 
per H. P. of blast to natural = of blast to natural 
Run. sq. ft. draft by coal draft by heat- 
burned. ing surface. 
Cincinnati to Hamilton, 3°243 3°36 3°32 
Hamilton to Twin Creek, — 2°57 4434 4°332 
Twin Creek to Dayton, 2-614 +041 4:08 


Assuming a combustion during the run from Twin Creek to Dayton 
equivalent to that from Cincinnati to Hamilton, the evaporation per 
pound of coal from and at 212° Fahr. during former run is 


1173 = 8476 pds. 
101-02 


And the evaporation for equivalent combustion for the several runs 


becomes 


Cincinnati to Hamilton, —. 836 pds. 
Hamilton to Twin Creek, ‘ 760 * 
Twin Creek to Dayton, . 8476 “ 


Upon examination of the following table of boiler performance, it 
will be observed that the rate of consumption of coal per hour during 
the second run was 172 pds. per sq. ft. of grate. Of the fifty-two 
locomotive boilers, the performance of which are reported by Mr. D. 
K. Clark, the highest rate of combustion is 157 pds. of coke per sq. 
ft. of grate. Of the 172 pds. of coal charged per foot of grate, not 
less than twenty per cent. must have been blown unconsumed out of 
the stack. For the conditions of load, speed, pressure of evaporation, 
steam per indicated horse-power, grades, quality of coal and effect of 
blast were quite the same for the second and third runs, and the theo- 
retical evaporation during the third run was superior to the first run. 
There were no material differences between the data for the second and 
third runs, and the evaporation should have been approximately the 
same. But the evaporation during the second run was nearly fienty- 
seven per cent. below that of the third run, and this excessive discrep- 
ancy can only be accounted for by assuming that a large proportion of 
the coal charged on the grate left the furnace unconsumed. The faci- 
lity with which a locomotive boiler operating under a strong blast can 
distribute unburnt coal along the track is well known, but it is doubt- 
ful if the percentage of coal thus disposed of is equally well known. 
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Under the ordinary conditions of locomotive performance, with careful 
firing and regular blast, the loss of coal by this avenue is, in the 
writer’s opinion, rarely less than five per cent. 

Taking the run from Cincinnati to Dayton as a whole, the average 
evaporation per square foot of heating surface was 11°740 pounds per 
hour. According to Mr. Harvey “ the evaporation per unit of recipient 
surface decreases in geometrical progression, whilst the distances from 
the commencement of the series of such surfaces increases in arithmet- 
ical progression,” but this law of evaporation only holds good “at 
points where the radiation of heat from the fuel ceases and communi- 
«ation of heat by conduction begins,” in other words the law only 
applies to evaporation by the tube surfaces alone, and has no bearing 
upon the evaporation by fire-box surface. From the experiments of 
M. Pétiet on one of the locomotives of the Northern Railway of France, 
where the fire-box surface was 60°28 square feet and the tube surface 
732°15 square feet, the fire-box surface furnished nearly sixty per cent. 
of the total evaporation. The manner, however, in which M. Pétiet’s 
experiments were made, precluded the possibility of good circulation, 
such as obtains in a locomotive boiler under ordinary working condi- 


tions, and the results cannot be used as a basis of estimate for the evap- 
oration by fire-box and the tube surface, when the circulation is good. 
It is assumed, however, that of the total evaporation as in M, Pétiet’s expe- 
riments, sixty per cent. was due the fire-box surface, and that the evap- 
eration in two boilers would vary distinctly as the relative surface in 
the fire-boxes, The ratio of fire-box to total heating surface in the 


60°28 93°85 


French experiments was ———_ = 0753, and for this trial 
810°43 
“10 x “60 
= ‘1044 and = *832, and the evaporation per square foot 
‘O75: 
0,550  *832 “a 
of fire box surface becomes 93°53 pounds. 
93°85 

Upon this estimate, each sup. foot of fire-box surface furnished 
nearly one hundred pounds evaporation per hour. It should be borne 
in mind that the feed is usually introduced cold into the forward end 
«t a locomotive boiler, and that the tube surface is given to the first 
heating of the water, and it is probable that by the time the water, by 
<irculation, reaches the fire-box it has been furnished with nearly, if 


not quite all, the sensible heat due steam at the pressure of evaporation. 
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If this proposition be true, then each pound of steam made by the fire- 
box surfaces contained 866°21 thermal units, and the heat transmitted 
per sup. foot of fire-box surface was 

866°21 & 93°53 = 81,016°62 
thermal units. 

Mr. Longridge, in an elaborate paper read before the Institution of 
Civil Engineers, London, on the evaporation power of locomotive 
boilers, quotes from experiments by M. Paul Havrez, the maximum 
rate of transmission through a superficial foot of fire-box surface with 
coal, as 40,590 units of heat per hour ; less than fifty per cent. of the 
rate of transmission by the “ Baldwin ” fire-box after crediting the tabe 
surface with the elevation of the feed water from the temperature at 
which it was introduced to that of the evaporation. 

This rate of transmission, however, is based upon an assumption that 
may not be true, and as against the fire-box furnishing over eighty per 
cent. of the total evaporation, Mr. Longridge arrives at the conclusion 
that the tube surface furnishes nearly eighty per cent. of the evapora- 
tion. Upon the other hand M. Pétiet finds from experiment that sixty 
per cent, of the evaporation is due the fire-box and forty per cent. due 
the tubes, and in his experiments the relation of the total fire-box sur- 
face to the total heating surface was as 1 to 13°53 nearly, whilst the ratio 
of the fire-box surface to the total surface with the “ Baldwin ” boiler 
was as 1 to 9°6 nearly. The writer is of the opinion that the relative 
efficiency of fire-box surface is directly as the ratio of tubes to fire-box 
surface, and that the evaporation, 83°3 per cent., credited to thefire-box 
in the “ Baldwin” boiler is too great. From experiments by the 
Count De Pambour and Mr. E. Woods on a locomotive boiler with 
natural draft, it was found that “the fire-box surface did twenty times 
the duty of the tube surface, but by varying the conditions and increas- 
ing the draft artificially the ratio instead of being 1 to 20 became 1 to 
73.” Whether this is a comparison of the work of the fire-box with 
the tube surface, taken as a whole, or for equal areas of surface is not 
stated by Mr. Woods, but from the tenor of the gentleman’s remarks 
it is inferred that the former comparison is made. 

There are certain very desirable data in connection with locomotive 
boiler performance that were not obtained during these trials: the tem- 
perature of fire and temperature of waste gases ; velocity of flow through 
the flues ; of products of combustion, air introduced per pound of com- 
bustible ; and composition of the gases in the stack. 
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Before dismissing the performance of boiler, the writer would sug- 
gest that trials of locomotive boilers of different kinds are now in pro- 
jection, during which trials all data necessary to estimate the precise 


action will be taken. 


PERFORMANCE OF THE Borer. 
Cincinnati to Hamilton. 


July 28th, 1878. 
Duration of run, 


Mean temperature of air, - 
feed-water, 
evaporation, 
pressure above atmosphere, 
Water pumped into the boiler, 
“ 


“cc 


primed, estimated 5 per cent., 
Net steam furnished, 

Coal burned, . 
Steam actually furnished per pound of coal, 
Equivalent evaporation from and at 212°, 
Evaporation per sup. ft. of heating surface per hour, 
actual, 


Evaporation per sup. foot of grate surface per hour, 
Coal burned per sup. foot of grate surface per hour, 
Evaporation from and at 212° per hour, ; 


Hamilton to Twin Creek. 
Duration of run, 
Mean temperature of air, 
feed-water, 
evaporation, 
pressure above atmosphere, 
Water pumped into boiler, ‘ 


“ 


“ 


primed, estimated 5 per cent., 

Net steam furnished, 

Steam actually furnished per pound of coal, 
Equivalent evaporation from and at 212°, 


Evaporation per sup. ft. of heating surface per hour, 


actual, ‘ ‘ 


pads, 


pads, 


“ 


. 26 min. 
98°31 
78535 

350° 

120°381 
13508°36 
675°42 
12832°94 
1814°96 


1963 

593°316 

83°915 
1O0585°85 


42 min, 

S845 
77°05 
352-00 

124-443 
8618°36 
430°92 
818744 
1814°96 

4511 


[3-015 
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Evaporation per sup. foot of grate surface per hour, “ 775°106 
Evaporation from and at 212° per hour, “ 13855°92 


Twin Creek to Dayton, 


Duration of run, 


50 min, 


Mean temperature of air, 92°130 

feed-water, 86°326 

evaporation, 349-380 

“pressure above atmosphere, pds. = 119°610 
Water pumped into the boiler, “« 9650" 

primed, estimated 5 per cent., 482-50 
Net steam furnished, “ 9167-50 
Coal burned, 1474700 
Steam actually furnished per pound of coal, ” 6216 
Equivalent evaporation from and at 212°, —. 7300 
Evaporation per sup. ft. of heating surface per hour, 

actual, ‘ 12°241 
Evaporation per sup. foot of grate surface per hour, “ 729-025 


Evaporation from and at 212° per hour, . 1291837 


(To be continued. ) 


MINE FIRE CUT-OFF. 


By Henry 8. Drinker, E. M., Philadelphia. 


THE BUTLER 


(Read at the Lake George Meeting of the American Institute of Mining Engineers, 
October, 1878.) 

The Butler Mine property is situated in the vicinity of Pittston, in 
the Wyoming coal-field of Pennsylvania. The coal has been worked 
out from the fourteen-foot or Baltimore vein for a number of years on 
part of the tract, the old chambers remaining open as when originally 
abandoned. This vein outcrops on the Butler property, and is nowhere 
more than sixty feet below the surface of the ground on the line of the 
cut-off to be deseribed. Above the fourteen-foot vein and about, say 
midway, between it and the surface of the ground, there is another 
small vein or rider of coal, about twelve inches in thickness. The rock 
between the two veins is a corbonaceous slate, about twenty-five feet in 
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thickness. Above the smaller vein is a bed of sandstone, varying in 
thickness, but generally not less than from eight to ten feet. This 
sandstone is also carbonaceous, but the proportion of carbon is much 
less than in the slate below. Both rocks have been analyzed, and before 
the next Institute meeting the writer hopes to be able to furnish the 
exact proportions. The sandstone is overlaid with débris up to the sur- 
face of the ground. 

Some time during the spring of 1876 it was found that the coal left 
in the worked-out mine had been set on fire, and that the fire was grad- 
ually spreading. Inquiry developed the fact that the fire had origin- 
ally been started by a woman, who had taken up her abode in an old 
tunnel leading into the workings. Owing to some delay in the early 
attempts made to extinguish the fire, it finally gained such headway 
that no ordinary means were found to be effectual. Finally, Mr. C. F. 
Conrad, civil and mining engineer, of Pittston, Penna., was called in 
as consulting engineer. He advised the making of a thorough cut through 
such portion of the old workings as had not been reached by the fire. 
It was found by survey that this cut could be limited to a length 
of about one thousand two hundred feet, as the vein faulted on both 
sides, and that the greatest depth of the cut would be about sixty feet. 
Subsequently it was decided to tunnel part of the way, thus saving the 
deepest portion of the cut. 

In 1856-7 there occurred a fire in the same mine. ‘Two stone walls 
in V shape, running from the apex of the V towards the out-crop, were 
built to cut the fire off, and these walls were carried as far as the vein 
had at that time been worked. After the walls were finished the old 
workings were filled in on both sides with clay and sand, making the 
spaces air-tight ; this helped to stay the fire ; it, however, finally broke 
through to the surface of the ground, and only went out when it reached 
the solid coal. 

The present cut passes through the point of junction of the old V 

alls, and is, therefore, located directly through the débris and ash of 
the old fire. This location for the cut-off was decided on by Mr. 
Conrad, after a careful survey, for two reasons, Ist. In the hope of 
finding all combustible matter, coal, gob, carbonaceous slate, ete., burnt 
to ash by the old fire. In this case much excavation would be saved, 


a* the ashes of an extinct fire might fairly be assumed to be an impass- 
able barrier to a new one, and 2d. In the hope that if the material 
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were not found to be fully ealcined, still that its burnt condition would 
render it more workable, and thus more easily removed. 

After removing the surface material the walls above described were 
found, and then about twenty-five feet beyond them a solid pillar of 
coal in place. Where this opening was thus first made to the old fire, 
the covering over the vein was from thirty to thirty-five feet thick, 
about three to five feet of surface soil and earth, and the remainder 
yellow slaty sandstone and coal slate, the slate and the sandstone being 
parted by the rider or small coal vein above noted. It was at this point 
that a curious fact was developed, and it is in order to bring it to the 
attention of the Institute that the writer has prepared the present com- 
munication. On investigation, it was proved that the old fire had not 
penetrated the solid coal in place. Where it met a pillar in the work- 
ings, the coal was simply calcined on its surface; but in all cases the 
overlying slate rock was caleined throughout. Nay more, for the 14- 
foot vein on the Butler property is nearly equally divided by an 8-inch 
parting of slate, and it was found that this slate rock (with sound, 
bright coal on both sides), had been thoroughly caleined. Above the 
14-foot vein the reck was also found to be calcined up to and above 
the 12-inch rider, or small vein, while this small vein of solid coal was 
also found to be unburned and perfectly sound and bright, as in the 
case of the larger vein. 

Finally, it was found on excavating further, that when the old fire 
had reached the face of the workings, its progress had been arrested. 

From this experience it would appear to be established that coal mm 
situ cannot be burned en masse; but that the walls of carbonaceous 
slaty rock inelosing solid coal can be burned or ealeined in situ. On 
what theory this fact can be explained may be an interesting matter 
for discussion to some members of the Institute, more directly con- 
nected than the writer can claim to be with problems of this nature. 
At the February meeting (1879) the writer expects to be able to pre- 
sent samples of the coal and rock referred to, both in its caleined and 
in its natural state, and by that time he hopes also to have the analyses 
above referred to, showing the proportion of carbon in the slate and 
sandstone. It should also be stated here, that even the sandstone was 
found to be burned, though not so thoroughly as the slate. 

At present the question to the company, of course, is, whether the 
new fire, now raging, will be stopped by the cut or not. The cut was 
made about 30 feet wide, and is carried from one end of the coal to 
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the other, and down to the foot-wall of the vein. About 200 feet of 
the distance has been tunnelled. At this point the vein has been 
removed, and heavy walls built on either side of the tunnel. Also 
the adjacent old workings towards the fire have been filled with clay 
and incombustible débris, and it is believed by the engineer in charge 
that this, with the cut, will afford an effectual stay to the fire, which 
is expected to reach the line of the cut some time in January or Feb- 
ruary, 1879. When the present fire becomes extinct, it will be an 
interesting matter to note, whether in the old workings in which it has 
been raging, the pillar coal has remained unburned as in the old fire. 
That the superimposed slate and sandstone is being calcined is evident, 
for the craters formed over the surface show on all sides, at night, 
glowing masses of incandescent rock, extending often up to the surface. 

The writer hopes to be able to supplement the present paper by 
another, at some subsequent meeting, giving a full account of the con- 
struction of the cut-off and of its result. This, of course, cannot be 
done until the fire has progressed farther, and actually reached the cut. 


Since the original publication of Mr. Drinker’s paper, above, in the 
Transactions of the American Institute of Mining Engineers, the fire 
deseribed has been gradually nearing the cut, and at some points smoke 
has been observed coming into the side of the cut towards the fire. It 
is however, still too soon to state definitely whether the cut will have 
its desired effect in arresting the fire or not, or whether the fire may 
still travel across, over the tunnel, through the carbonaceous slates 
overlying it. The discussion of Mr. Drinker’s paper by mining engi- 
neers seems to have established the general opinion, that the slates in 
the old fire were not actually burned, but-that the carbonaceous matter 
in them was rather subjected to a process of distillation. It is said 
that some careful tests are about to be made on this point, by subject- 
ing a quantity of the slate to a high heat under various conditions, 
and the results, together with some further notes on the Butler Mine, 
will be submitted to the Institute of Mining Engineers, at their next 
meeting, in May, at Pittsburgh.— Ep. JourNAL. 


German Petroleum.—Near Heide, in Holstein, a flowing petro- 
leum well has been bored which yields an oil of a quality similar to that 
of the American wells.— Der Techniker. C. 
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Atmospheric Impurities.—It is estimated that England yearly 
uses 114,043,940 tons of coal. If we suppose it to contain only one 
per cent. of sulphur, there is an annual infusion of 3,500,000 tons of 
sulphuric acid into the air, which the inhabitants are obliged to breathe. 
—Der Techniker. C. 


Education in France.—France now has 253 colleges and 86 
lyceums. Towards the end of the reign of Charles X. the educational 
budget amounted to but 1,825,000 frances, while the expenses of the 
royal family were 32,000,000 francs. Under the second empire 
the outlay for publie instruction was raised to 3,000,000 franes. 
The republican administration increased the amount to 38,000,000 in 
1876, 49,000,000 in 1877, and 57,000,000 in 1878. Of the last appro- 
priation 30,000,000 francs were for elementary instruction.—Der 
Techniker. C. 

Encouragement of Art.—In the eighteenth century the laws of 
Prussia required that every wealthy Jew who m&rried should buy his 
porcelain at the royal manufactory in Berlin. The director often took 
the money and made his own selection of pieces to be given in exchange. 
Moses Mendelssohn, although celebrated as a philosophical thinker and 
writer, was obliged to submit to the law, and he received forty porce- 
lain apes, of life size. Some of them are still preserved in the Mendels- 
sohn family. This method of oppressing conscience for the develop- 
ment of ceramic art was established during the reign of Frederic the 
Great, the philosophical King.— Archives Israelites. C. 


Electrodynamic Induction.—It is « common impression among 
electricians that a telegraphic conductor can be withdrawn from the 
inductive influence of neighboring conductors by metallic envelopes 
which are connected with the ground, but H. DeMauex tried some experi- 
ments in the month of February, 1878, preparatory to the establish- 
ment of the telegraphic service of the French Exposition, which led 
him to the discovery of a new law. In electrostatic action, the induc- 
tion may be prevented by the proposed method, but the law relative to 
¢lectrodynamic induction is thus stated: In a closed circuit the intensity 
of the current, which is determined by the induction of a cylindrical 
«onductor upon another of the same form, cannot be changed even by 
surrounding one or both of those conductors by a concentric metallic 
envelope communicating with the ground through its entire length. 


— Comptes Rendus. C. 
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Dry Coating for Basement Walls.—Take fifty pounds pitch | 


thirty pounds resin, six pounds English red, and twelve pounds brick- 
dust. Boil these ingredients and mix them thoroughly ; then add 
about one-fourth the volume of oil of turpentine, or enough to flow 
casily, so that a thin coating may be laid on with a whitewash or paint 
brush. Walls thus coated are proof against dampness.— Der Techniker- 
C. 
Influence of Color on Warmth of Soil.—By an extensive 
series of experiments, E. Wollny shows that the color of the surface has 
an important influence on the heating of the ground in a dry condition, 
where the mineral constituents are substantially the same, and the 
difference in the quantity of humus is only such as to produce a differ- 
ence of color, without changing the specific heat or conductivity.— 
Dingler’s Journal. 


Von Oppolzer’s Planet.—The tenth orbital confirmation of 
Chase’s harmonic astronomical prediction, represents the closest plane- 
tary proximity to the sun of which any indications have yet been found. 
There are six interior positions, but they are connected with planetary 


rotations. Von Oppolzer finds that his orbit accords very well with 
the three latest observations, which are the most important because the 
exact time of observation is known. It also satisfactorily represents 
tive other observations. It is impossible to connect it with either of 
Watson’s two planets. Lescarbault’s observation being one of the three 
latest, this appears to be the true Vulean, and other names must be 
found for its companions.—Comptes Rendus, Cc. 


Telectroscope.—M. Senlecq, of Arles, has invented an apparatus 
for the telegraphic reproduction of images formed in the camera obscura. 
In the focus of the camera is a ground glass slide, with a selenium point 
in the electric cireuit. As the point moves over the light or dark por- 
tions of the glass the selenium communicates, with great sensitiveness, 
the vibrations of light. The receiver is a soft plumbago or crayon 
point, attached to a very thin plate of soft iron, and vibrating before 
an electro-magnet, which is governed by the irregular current from the 
selenium. When the selenium passes over an illuminated portion, the 
current increases in intensity, the electro-magnet checks the vibrations 
and the crayon exerts less pressure on the paper. When the surface is 
dark, contrary results are produced and. a well-shaded copy is thus 
made,— Les Mondes. 
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Digestion of Albuminoids in Invertebrates.—Dr. Leon 
Fredericq, of the University of Ghent, finds that the digestive mechan- 
ism is the same in all animals. The transformation of food is always 
effected by the mediation of substances like the digestive ferments of 
the vertebrates, and the products of digestion are uniform:— Les 


Mondes. ©. 
Chemical Volcano in Nebraska.—On the shores of the Mis- 


souri, in Dixon county, about 36 miles from Sioux City, there is a large 
bluff, a part of which fell into the river about two years ago. When 
the ear is applied to the ground, internal rumblings are heard, and flames 
occasionally appear, especially by night, steam issues from crevices and the 
neighborhood appears quite voleanic. Prof. Anghey, of Nebraska 
University, has lately examined the region and concludes that the phe- 
nomena are the results of local chemical action. The upper surface of 
the bluff is carbonate of lime; under this is a stratum of potter’s clay 
which contains iron pyrites, together with carbonate of magnesia and 
alumina. The decomposition of the iron pyrites liberates sulphuric acid 
and the percolation of water brings it into contact with the carbonates, 
thus developing great amounts of heat, steam and carbonic acid.— 
Fortsch, der Zeit. 


Modifications of Ampere’s Laws.—Max Margules has com- 
municated to the Vienna Academy the results of his researches upon 
“The Theory and Application of Electro-Magnetic Rotation,” which 
he embodies in the two following laws: 1. If the pole of a magnet 
rotates in the neighborhood of an unclosed conductor, about an axis 
which is within the magnet, a current will be induced within the con- 
ductor ; but if a rectilineal conductor is turned about its own axis, in 
the neighborhood of a magnetic pole, no current will be produced in 
it. 2. The rotation of a magnetic pole around a rectilineal conduc- 
tor induces no current, but the rotation of the conductor about the pole 
produces an induced current. The first portion of the first law is a 
simple inversion of Ampere’s statement of the law of electro-magnetic 
rotation; it has also been demonstrated by F. E. Naumann, and 
adopted as a fundamental law of the phenomena of uni-polar induc- 
tion. But W. Weber, who first specially investigated the phenomena 
to which Faraday invited attention, disputes the sufficiency of Ampere’s 
explanation of the rotation of a magnet on its own axis when it is tra- 
versed by a galvanic current.—Ann. der Phys. und Chem. C. 
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Fire-proof Paper for valuable documents may be made from one part 
vegetable fibre, two parts asbestos, ;, of a part borax, ,®, of a part alum. 
A fire-proof ink for the same may be made from 850 grains graphite, 
80 grains copal varnish, 75 grains copperas, 300 grains tincture of galls 
and indigo-carmine.— Der Techniker. C. 


Franklin Institute. 


HALL or THE InstiruTe, March 19th, 1879. 

The stated meeting was called to order at 8 o’clock P. M., the 
President, Mr. William P. Tatham, in the chair. 

The President announced the appointment of Dr. Isaac Norris to 
fulfill the duties of Secretary pro tempore. 

There were present 172 members and 35 visitors. 

The minutes of the last meeting were read and approved. 

The Actuary presented the minutes of the Board of Managers, and 
reported that at the last meeting 13 persons were elected members of 
the Institute, and the resolution of the Board that the Elliot Cresson 
Gold Medal is hereby awarded to Henry Bowers, of Philadelphia, in 
accordance with the recommendation of the Committee on Science and 
the Arts (reported to the Board of Managers Oct. 9th, 1878), for 
having introduced into the United States the manufacture of “ Pure 
Inodorous Glycerine.” He also reported from the same committee the 
following resolution, passed on the 5th instant : 

Resolved, That the Elliot Cresson Gold Medal be awarded to Norbert 
de Landtsheer, of Paris, France, for his machine for treating flax, 
hemp, ete., and that the usual publication be made by the Actuary in 


the JOURNAL OF THE FRANKLIN INstrrue of the proposed award 
of said medal. 


The Actuary also reported the following resolutions : 


Resolved, That the Board of Managers have learned with deep 
regret of the death of Mr. J.B. Knight, late Secretary of the Frank- 
lin Institute; that we bear testimony to his zeal, faithfulness and 
ability, and will unite in paying our last tribute of respect by attend- 
ing his funeral on the day appointed. 

Resolved, That a committee of three be appointed, including the 
President of the Institute, who shall be chairman, to prepare a memo- 
rial of Mr. Knight, to be ‘recorded on our minutes and to be presented 
to the Institute as an expression of the feelings of this Boa 
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To this service Mr. Coleman Sellers and Mr. Theodore D. Rand 
were appointed with the President. 


The following memorial was then read by the Secretary pio tem. 


Jacos Brown Kwyiaut, late Secretary of the Franklin Institute, 
was the son of George J. Knight and Abi Brown, his wife, and was 
born near Brownsville, Jefferson County, N. Y., upon the 2d of June, 
in the year 1833. 

His ancestors, Giles and Mary Knight, were members of the Society 
of Friends, and came to America with W am Penn, in. the ship 
Welcome, in the year 1682. They settled in Byberry, Philadelphia 
County, P: , where their descendants are numerous. 

His does ars r, Israel Knight, in 1804, bought a tract of land at 
Black River, in the State of New York, and with seven of his neigh- 
bors visited the place, but concluded to let his children settle there, he 
himself returning to the old homestead. 

Accordingly, his son George removed to Black River, with his family. 
The subject of this memoir was named after an une Je of his mother, 
Major-General Brown, a distinguished officer of the war of 1812. 

He received his early education at the Watertown Institute, and in 
his youth exhibited a taste for mechanical pursuits. He afterwards 
received a practical training in the machine works of Hoard & Sons, 
Watertown, and in those of Merrick & Sons, in this city. 

His health f failing, in 1855 he went to the South and was engaged 
in the erection of sugar and cotton machinery, when the breaking out 
of the rebellion proved disastrous to his fortunes. He then became a 
consulting engineer in the city of New Orleans, and was an officer of 
a society of engineers established there, and was an occasional contrib- 
utor to DeBow’s Review. 

Mr. Knight was elected a member of the Franklin Institute Sep- 
tember 13, 1873, and evinced his interest in this body by occasional! 
gratuitous services. 

In April, 1874, as a member, he volunteered his assistance in the 
preparations for the Exhibition to take place in the ensuing fall. His 
offer was at once accepted, and all of his spare time was devoted to the 
work, without compensation. In this position his assiduity, good 
judgment, zeal, intelligence and good address, pointed him out as a 
suitable person for the position of General Superintendent, and to this 
position he was appointed by the Chairman of the Committee on Exhi- 
bitions, upon the Ist of July, 1874, after three months of observation 
and without any other influence urging the choice. 

The event fully justified the appointment, and it would be a repeti- 
tion of the same language to enumerate the qualities he exhibited in 
his new position, The exercise of these qualities contributed largely 
to the great success of the Exhibition. 

Afterwards, he was appointed by the President, Secretary pro tem- 
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pore of the Institute, and was elected to that office at the annual elee- 

tion in January, 1875. He was continued in the office by successive 
re-elections, and exercised the functions until about ten days before his 

lamented death, which occurred upon the 10th of March, 1879. 

Mr. Knight had not the advantage of early scientific training. He 
graduated at the vise-bench ata time when machine tools were far from 
perfect, and when nearly everything depended upon the skill and aceu- 
racy of the workman. He acquired most of his knowledge in the hard 
school of experience, but in this school he was always a student and 
learned fresh lessons at every turn of fortune. The knowledge he thus 
acquired was both various and extensive. It was firmly held and 
always available. 

He had a just judgment of his own powers, whic h g gave him courage 
to attempt and accomplish what seemed to be beyond the m; but he had 
no false pretensions, and, if insufficiently acquainted with a subject, he 
was free to confess it and to ask for assistance, which the magnetism of his 
character and his continued zeal for the interests of the Institute dis- 

sed all around him to render. 

It was thus as Secretary and as editor of the JourNAL, he was able 
to avail himself of the ample resources in talents and special acquire- 
ments of the members of the Institute and to wield them for its benefit, 
and to accomplish more than any one, unaided, could have done. 

One illustration of his methods may be recorded. It was at his sug- 
gestion that the Committee on Dynamo-electric Machines was raised 
last year. In personal composition the committee contained all the 
ability and science requisite for the work, which involved delicate 
measurements of power, light, heat and electricity in its several func- 
tions. The work was patiently pursued and successfully accomplished, 
but often, after the day’s work of the committee had been finished, the 
Secretary would remain behind and repeat the experiments and obser- 
vations for his own instruction. 

At the time of his death, Mr. Knight was Secretary of the Franklin 
Institute, Editor of the JouRNAL of the Institute, Representative of 
the Institute in the Board of Trustees of the Pennsylvania Museum 
and School of Industrial Art, Vice-President of the Young Engineers’ 
Club, and Member of the American Philosophical Society. 

He was stricken down in the full career of public usefulness, and at 
a time when he had every prospect of future distinction. 

The Board of Managers of the Franklin Institute, to testify their 
sorrow for the loss of an able and faithful officer, record upon their 
minutes this tribute to his memory. 


nd 


Mr. William V. McKean moved that the paper just read be 
recorded upon the minutes of the Institute, which was adopted. 


The following resolutions from the Executive Committee of the 
Pennsylvania Museum and School of Industrial Art were read : 


Wuote No. Vor. CVII.—(Turep Serres Vol. lxxvii.) 
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Resolved by the Executive Committee of the Trustees of this School, 
That we learn with deep regret of the sudden death of Mr. J. B. 
Knight, late Representative of the Franklin Institute in this corpora- 
tion. We have found him to be a faithful and active co-worker in 
this institution, and a fitting representative of the oldest Mechanic’s 
Institute in America. 

Resolved, That a copy of this resolution be sent te the President of 
the Franklin Institute, with a request that he have it presented at the 
next meeting of the Institute, as an evidence of our respect for their 
late Secretary. 

Mr. John J. Weaver moved that the resolutions read from the 
Pennsylvania Museum and School of Industrial Art be entered on our 
minutes, which was adopted. 


The Committee on Library reported the following donations : 
Map of the United States and Territories. 


Annual Reports of the Commissioner of the General Land Office 


for 1877 and 1878, From the Commissioner of General Lands. 
Annual Report of the Supervising Architect to the Secretary of the 
Treasury for the year 1878. From the Supervising Architect. 


‘orty-sixth, Forty-eighth and Forty-ninth Annual Reports of the 
Board of Commissioners of Public Schools of Baltimore. 1874, 1876 
and 1877. From the Board of Commissioners. 

Reports of the Inspectors of Mines of the Anthracite Coal Regions 
of Pennsylvania for 1873—1877. 

From the Inspector of Mines, Harrisburg. 

Annual Report of the Commissioner of Agriculture for 1877 and 
1878. Washington, 1878. 

From the Commissioner of Agriculture. 

Annual Reports of the Secretary of the Navy for the years 1872, 
1873, 1875, 1876 and 1878. From the Secretary, Washington. 

Catalogue of Brooklyn Library. Parts 1 and 2. 
From the Library, Brooklyn, N. Y. 


First to Third Annual Reports of the New Jersey State Board of 


Agriculture for 1873—1875. From the Board. 
First to Eighth Annual Reports of the Department of Health of 
the City of Chicago. 1870—1877. From the Department. 


Annual Reports of the Canal Commissioners of the State of New 
York for 1874 and 1877. 
From the Department of Public Works, Albany, N. Y. 
Eighth Report of the Board of Trustees of the Illinois Industrial 
University for 1876. From the University. 
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Annual Report of the Seeretary of the Treasury on the State of the 
Finances for 1878. From the Secretary, Washington. 


Monthly Reports of the Kansas State Board of Agriculture for 
February, March, November and December, 1877; and May— 
December, 1878 

Reports of the Kansas State. Board of Agriculture to the Legisla- 
lature for 1873, 1875 and 1876. From the Board. 

Annual Report of the Commissary-General of Subsistence to the 
Secretary of War for 1877. 

Official Army Register for January, 1878. 

From the Secretary of War, Washington. 

Report of Meteorological Council to the Royal Society for Ten 
Months ending 31st March, 1878. 

From the Meteorologie: ‘al Committee of the Royal Society. 

Peabody Institute of Baltimore. Eleventh Annual Report. 1878. 

From the Institute. 

‘Twenty-sixth Annual Report of Boston Publie Library. 1878. 

From the Library. 

Annual Report of the Commissioners of Fairmount Park, Phila- 
delphia, for 1878. From the Commissioners. 

Annual Report of the Commissioner of Internal Revenue for the 
year 1878. From the Secretary of the Treasury, Washington. 

Charter and By-Laws of the Maryland Institute for the Promotion 
of the Mechanic Arts, and Report of the Twenty-eighth Exhibition. 
1878. From the Institute. 


Twenty-third Annual Report of the Board of Education of the City 
of Chicago for 1877 From the Department of Public Instruction. 


Legislative History of Subsistence Department of the United States 
Army for 1775—1876. By J. W. Barriger. 
From Secretary of War, Washington. 
Annual Report of the Secretary of Internal Affairs of Pennsyl- 
vania for 1878. 2 parts in 1 vol. From J. 8. Africa, Harrisburg. 


Annual Report of the Light-house Board to the Secretary of the 
Treasury for 1878. From the Board, Washington. 
Digest of Opinions of the Judge-Advocate-General of the Army. 
Edited by Major W. Winthrop. 3d edition. 
From the Secretary of War. 
New and Original Theories of the Great Physical Forces. By 


Henry Raymond Rogers. Dunkirk, N. Y. 1878. 
From the Author. 
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Ordnance Memoranda. No. 21. Ammunition, ete., ete. 1878. 
From the Chief of Ordnance, Washington. 


Classification of the Collection to illustrate the Animal Resources of 
the United States. By G. Brown Goode. 1876. 


Bulletin of the United States National Museum. No. 3. By J- 
H. Kidder. 1876. 

Report of United States Geological Survey of Territories. F. V. 
Hayden. Vol. 1, Fossil Vertebrates, and Vol. 5, Zoology. 


From the Secretary of the Interior, through Hon. Charles O'Neil, 
House of Representatives, Washington. 


Specifications and Drawings of Patents issued from the United States 
atent Office for September, 1878. 
From the Commissioner of Patents, Washington. 


Smithsonian Miscellaneous Collections. Vols. 13—15. 


Annual Reports of the Board of Regents of the Smithsonian Insti- 


tution for 1877. From the Institution, Washington. 
First to Eighth Reports of the Directors of City Trusts. 1870— 
1877. From the Directors, Philadelphia. 


Second Geological Survey of Pennsylvania. Reports upon Lehigh 
district ; Azoic rocks, part 1; Fossil ore, Juniata Valley; Bradford, 
Tioga and Indiana Counties ; and Museum Catalogue (D, D; E; F; 
G: 4H; 0). 1878. 

From the Board of Commissioners, Harrisburg. 


Twenty-seventh, Twenty-ninth, Fifty-eighth, Sixtieth, Eighty-ninth 
—Ninety-first Annual Reports of the Regents of the University of 
New York. From the University, Albany. 


Report of the Thirteenth Industrial Exhibition under the Auspices 
of the Mechanics’ Institute of San Francisco, Cal. 
From the Institute. 


Report of the Thirteenth Exhibition of the Massachusetts Chari- 
table Mechanic Association in Boston. 1878. 
From the Association. 


Chemical Examinations of Sewer Air. By Prof. Wm. Ripley 
Nichols. Boston, 1879. From the Author. 


The Design generally of bridges of very large span for railroad 
traffic. A paper by T. C. Clarke, of Philadelphia, before the 
Institution of Civil Engineers, London. 1878. From the Author. 


Moorehead Clay Works’ Illustrated Catalogue of Terra Cotta Ware. 
From the Works. 
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American Institute of Architects. Proceedings of Third, Fifth to 
Tenth Annual Conventions. From the Institute, New York. 


Fire-proof Floors Compared. By G. B. Post. 


Remarks on Fire-proof Construction. By C. B. Wright. 
From American Institute of Architects, New York. 


Report of the Council of Education upon the Condition of the 
Public Schools of New South Wales for 1877. Sydney, 1878. 


Journal and Proceedings of the Royal Society of New South Wales. 
1877. Vol. 11. Sydney, 1878. 

Remarks on the Sedimentary Formations of New South Wales. By 
Rev. W. B. Clarke. 4th edition. Sydney, 1878. 


Annual Report of the Department of Mines of New South Wales 
for 1877. Sydney, 1878. 


Report upon the Construction and Working of Railways of New 
South Wales during 1876. By John Rae. Sydney, 1877. 
From the Royal Society of New South Wales, 


Catalogue of Motala [ron and Steel Works, Sweden. Philadelphia, 
1876. 


Historical Notice of the Dutch Society of Sciences at Harlem. 
1876. 

Construction and Ameublement de Batiments d’ecole. Royaume de 
Belgique. Huy, 1876. 


Hawailan Almanac and Annual for 1876. By Thomas G. Thrum. 
Honolulu. 


Noticia, ete., da exposicéo do Parana. 1875. 


Elementary and Middle-Class Instruction in the Netherlands. 
Leyden, 1876. 


Official Record ; containing Introduction, Catalogues, ete., of the 
Colony of Victoria at the Philadelphia Exhibition, 1876. Melbourne, 
1876. 

Denmark at the Centennial, 1876. 


Collection of Russian Domestic Manual Labour. St. Petersburg, 
1876. 


Catalogue of Collections from the India Museum exhibited in 
Indian Department of Philadelphia Centennial Exhibition, 1876. 
Agricultural Instructions for Brazil. 


Exposigio des trabalhos historicos geographicos, etc., ete., exhibida 
na exposi¢io nacional de 1875. Rio de Janeiro, 1876. 
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Estudos sobre a quarta exposigio nacional de 1875. Por J. de 
Saldanha de Gama. 1876. 


Artisans’ School. Rotterdam, 1869. 

Report regarding Swiss Unions of Young Merchants. 1876. 

Siamese Exhibits to Centennial Exhibition of 1876. 

Catalogue of the Statuary and Paintings sent by Milan’s Exhibition 
of Fine Arts. 1876, 

Catalogue of Forest Trees of the United States. 

Index to and Catalogue of Ordnance Collection. 

Catalogue of Charities conducted by Women, 1876. 

Catalogo degli espositori Italiani. Fireuze, 1876. 

Argentine Republic. By R. Napp. 1876. 

Sketch of Public Works in Netherland... By L. C. Van Kerkwyk. 
Harlem, 1876. 

Subsidios para a organisagad da Carta physica do Brazil. 

Catalogue of Articles and Objects exhibited by the Navy Depart- 


ment in the United States Government Building, Fairmount Park. 
Philadelphia, 1876. 


History of Mexican Railway. By Baz and Gallo. 1876. 
From Edward Shippen, Philadelphia. 
Reports of Secretary of War, 1866—1876. 
From the Secretary, Washington. 


Prot. George A. Konig, of the University of Pennsylvania, then 
made some very interesting remarks upon a new branch of science 
connected with Chemical Analysis, for which he has proposed the name 
of Chromometry. Dr, Kénig prepares beads of borax of a known 
weight, into which are fused a certain amount of the substance to be 
examined, and, after a careful preparation of them, the intensity of 
color is measured by means of a prism having a color complimentary 
to the bead under examination. The instrument, called the Chromome- 
ter, is an ingenious device of Dr. Konig, and is skillfully and beauti- 
fully made by Mr. Zentmayer, of this city. 

The Secretary’s report embraced Mr. L. T. Young’s Microphone, a 
very ingenious and novel arrangement of this instrument. The form 
is that of a small box, with the usual telephonic mouth-piece on the 
top. Attached to the under surface of the diaphragm is cemented a 
small piece of rubber holding a carbon cup. A similar cup is placed. 
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on the inside of the brass ring employed for holding the ferrotype- 
plate diaphragm in its place. Each of the cups are connected with 
binding screws at the side. The rod of carbon rests lightly on the 
cups, and is covered with rubber; a small watch-spring bearing upon 
it near the middle. The spring is adjustable by means of a serew. 
This arrangement, it is claimed, does away entirely with the grating 
sound usual in other forms of microphones. The instrument is 
arranged so as to be placed against a wall or other support, the carbon 
rod being then in a vertical position. 

Mershon’s Patent Grate consists of a series of rotary bars having 
studs projecting from the sides. The one in the centre being capable 
of being lowered by a chain. The arrangement is such that air can 
pass in freely to every part of the fire, and the necessary motion is 
given by a lever. In practical operation it is found very satisfactory, 
and considerable saving of labor is effected by their use. 

Blodgett’s Improved Thermostat is intended to give an alarm of fire 
upon the slightest increase of temperature, operating upon the well- 
known principle of the unequal expansion of metals, (brass and steel 
firmly riveted together being used), closing a cireuit with a battery and 
electric bell. They can be used in place of the ordinary push button 
by having a cord attached to the instrument. 

Fleischman’s Battery for Medical Use is very compact, and allows 
of using from one to twenty cells by the movement of a pin to its 
proper socket. The lid of the box is employed for holding a supply 
of electrodes, etc., and an ingenious arrangement raises and lowers the 
cells, 

The Secretary then read a few notes he had made on the trial of the 
Testing Machine at the Watertown Arsenal, a link of hard wrought-iron 
being broken at a strain of 722,800 pounds, Sir. Joseph Whitworth’s 
new measuring instrument was commented on for its minute divisions 
and mechanieal accuracy, The new Krupp gun, the largest of steel 
ever made, weighing 72 tons, and having a calibre of 15} inches and 
a length of 32 feet 7 inches, the bore being 28} feet. The gun is 
composed of steel throughout, and loads from the breech. Owing to 
the great length of the tube, it was made in two portions, carefully 
secured, while jackets or cylinders further strengthen the gun. The 


closing of the cylinder is done by a sliding wedge, and it is impossible 
to fire it until it is effectually closed. The charge will be 385 pounds 
of prismatic pnwder, and the chilled-iron shell used is to weigh 1660 
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